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PREFACE. 


ANY yefrs ago, when reading for varions examina- 

tions in Hygiene and Sanitary Science, and especi- 

ally when preparing other candidates for such examinations, 

the Author felt the necessity of some Series such as he now 

presents to students. It was then that he conceived the 

plan of the present work, athough its scope has vastly 

exceeded the limits originally intended, and no pains have 
been spared to make it acceptable to students. 


When the idea was seriously taken in hand, it was not 
conceived possible for it to attain its present magnitude, 
but it grew page by page, until it now speaks for itself. 

In a work which contains so much matter of fact, it is 
almost inevitable for afirst edition to contain a certain number 
of errors; these, however, will most frequently be found to 
be of a clerical or typographical nature, and it is hoped that 
should the Series pass through a second edition all such 
errors will be eliminated ; and in this connection, it is un- 
necessary here to allude to the many difficulties which an 
Author in an up-country station in India has to contend 
with in regard to passing a work of this kind through a 
non-medical press situated in a Presidency town. This 
Series is the product of fifteen years’ work, and during a 
large part of this time the Author has been directly engaged 
either as a teacher of Hygiene or asa Sanitary Officer. 


The earlier stage of the collection of the matter was 
not connected with the out-pnt of this Series, asthe notes 
culled from various sources were for the writer’s personal 
use. In this way, in making such notes and abstracts from 
various works, he omitted in some instances to record the 
names of Authors quoted. For this omission he apologizes 


The appended list of books will indicaté that practi- 
cally every important work on the subject of water and 
water-sapplies has been consulted in the preparation of this 
Part [—Warer—of this Series. 


The Author cannot express sufficiently the degree of 
his obligations to the various writers whose works he has 


1V : 
made use of. He desires especially to express his indebted- 
ness to the following works :— 
Parxes’ Practical Hygiene, 7th Ed., edited by Prof. F. pp Cuav- 
MONT. 


Gorpon Bucx’s Hygiene and Public Health. 
Srevenson anv Murruy’s Treatise on Public Health, Vols. I and I. 


Lovis Parkes’ Hygiene and Public Health, 3rd Ed. 


Witson’s Handbook of Hygiene, 6th Ed. 
Macponatn's Microscopical Examinations of Drinking Water and 


of Air. 
Wankzyn’s Water Analysis. 
FRANKLAND’S do. do. 


Huszany’s Medical Police. 

Wi.ovucHBy’s Hygiene and its Principles. 

ALLEN’s Aids to Public Health, Part IJ. 

NEWSHOLME’S Hygiene. 

Buyta’s Dictionary of Hygiene and Public Health; the same 
Author’s Hygiene and Public Health. 

BearpMore’s Hydrology. 

Jackson's Hydraulic Manual. 

Peprer’s System of Medicine. 

Astxin’s Science and Practice of Medicine. 

Various Volumes of the Sanitary Record. 

Leuckart’s Parasites of Man. 

Spon’s Dictionary of Engineering. 

RawkIneE's Oivil Engineering. 

SHIRLEY Murpuy's Our Homes and How to Take Care of Them, 

Batpwin Laruam’s Sanitary Engineering. 

DascuasEnEL’s Natural Philosophy. 

Fanwine’s Treatise on Hydraulic and Water-Supply Engineering. 


A more complete Bibliography is published at the end of this 
volume. 


Hyperanad, Deccan, om] P. H. 
March 1894. 
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AND 


SANITARY SCIENCE. 


Part I.—WATER. 


CHAPTER I. 


1.—What is the compusition of water ? 


Water is a compound of two gases, oxygen and hydrogen, 
in the proportion of one volume of the former to two of the latter. 
This is shown by splitting up water into its elements, which may 
be effected by means of the two poles of an electrical apparatus; or. 
by bringing the two gases together in proper quantities, and passing 
an electric spark through them: water is then formed, the two gases 
combining to form it—its chemical formula being H,0O. 


2.— What are the physical characters of water ? 


Pure water is a tasteless, odourless, and transparent fluid, and. 
with the exception of a faintly bluish tinge when viewed through 
a depth of two or three fect, it is colourless. It boils at a tem- 

rature of 212° F. (under the ordinary barometric pressure of 
60 millimetres of mercury), and freezes at 32°F. It. contracts regu- 
larly until it reaches a temperature of 4° C., but below this temper- 
ature it begins to expand and coutinues to do so until it freezes. In 
this physical property we sce that it is affected in a manner dis- 
similar to all other compounds, and upon this physical peculiarity 
depends ‘the fact that in certain parts of the world, at partioular 
periodsof the year, the water of cortain scasand rivers does not congeal, 
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en masse. It forms a convenient standard with which to compare 
the specific gravity of liquids, watcr being reckoned as unity. 


3.— What are the special physical properties of water ae regards it« 
weight, pressure, and motion ? 


If we consider those qualities of water that have reference to its 
weight, its pressure, and its motion, we shall observe, especially, 
that the volume of the liquid is composed of an immense number of 

“minute particles; that each particle has weight individually ; that 
each particle can receive ae abe atrs the effect of weight, in the 
form of pressure, in all directions; and that the particles move past 
and upon each other with very slight resistance. Each molecule 
has its individual weight, and is subject, independently, to the force 
pall endar Each molecule presses in any direction from which a 
sufficient resistance is opposed, with a pressure due to the combined 
natural presgures of all molecules acting upon it in that direction, 
and also with the pressure transmitted through them from any 
exterior force. In treatises on hydrostatics, propositions relating 
to pressures of fluids are commonly stated in some form similar to 
the following: “ When a fluid is pressed by its own weight, or by 
any other force at any point it presses equally in all directions.” 


4.— What should be the characteristics of a good'and wholesome 
water ? 


(1) It should be limpid, odourless, preferably colourless, and 
transparent, cool, well aerated, bright, soft, and free from taste and 
suspended matter of any sort. It should also be fresh, and its 
temperature not higher than 15° C. 


(2) It should contain no animal or vegetable matter, especially 
if such matter is decomposing. 

(3) It should not contain an undue amount of solid constituents, 

ially when such constituents are salts of lime or magnesium. 

e amount of solids should not exceed eight grains per gallon, one 
grain of which should be alone dissipated by heat. In chalk waters 
the solids should not be more than fourteen grains per gallon. 
Wanklyn, however, holds that unless a water contains more than 
forty grains of solids per gallon, no exception need be taken to the 
solids as such. 

. (4) It should be practically free from nitrogenous organic 
matter, the “albuminoid ammonia” being less than 005 parts per 
million, and a water should be regarded with suspicion, which, along 
with a considerable quantity of free ammonia, yields ‘05 part of 
a)buminoid ammonia per million. 

(6) After being kept some time in either an open or closed vessel 
it should not acquire any disagreeable odour. 

(8) It should be destitute of bacteria, infusoria, white alge, and 
obber living organisms. | 
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(7) The air that it ought to hold in solution should contain p 
darger proportion of oxygen then ordinary air. 


(8) A litre of the water should not contain more than— 


Mineral salts . .... . +. OO gramme, 
Chlorine. . . . 2 6 « « « « 0°008 ie 
Sulphuricanhydride. . . . . 0°06 sé 


Nitric anhydride wer Be ye SE OO? - 
Alkaline salts . . .. .. . 0 ‘5 
 CBiliea ww ee 008 ‘ 
Iron... » e « 6 0008 ei 


Sulphuretted hydrogen . . .. noneatall. 
‘S.— What are the characteristics of well-aerated water ? 
It is lustrous, sparkling, bright, and highly palatable. 
6.— Where are such waters generally found ? 


In springs and in wells of moderate depth, sunk in chalk strata. 
In these the high pressure and comparatively low temperature help 
to increase the quantity of carbonic acid gas held in solution. 


7.—Classify waters as regards their wholesomeness and palatability ? 


The comparative merits of the various waters in respect of 
wholesomeness, palatability, and general fitness for drinking and 
-cooking purposes, are given in the following table :—* 


1, Spring waiter oe Ver 
y 
“Wholesome j; 2. Deep well water palatable. 
3, Upland surface water 6s i Moderately 
4. Stored river water ...) palatable. 


Suspieious 5. Surface water from cultivated |) 


land | 
6. River water to which sewage } Palatable. 
Dangerous gains access a. | 
(7. Smaller well water es 
8.—How may we classify waters for practical purposes 7 
Into— * 


* 
(1) Pure and wholesome water. 
(2) Usable water. 
(3) Suspicious water. 
(4) Impure water. 


ie “Vide Stath Report of the Rivers Pollution Commissioners, 
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' 40.—What are potable waters ? 


Waters which are fit for habitual use for drinking purposes, 
-either in the natural condition, or after having been subjected to 
such simple processes of purification as subsidence and filtration. 


11.— What is the significance of the term “ pure” as applied to 
water ? 


The term “pure” as applied to water is used in two distinct 
-senses,—one in which the water is chemically pure, and in which it 
contains nothing but water; the other in which it is hygienically 
pure, and in which, although certain foreign constituents are 
dissolved or contained in the water, they are not in sufficient 
s Laeta to produce any deleterious effect on the human economy. 

he extraneous constituents of a hygienically pure water are 
not only harmless, but are actually beneficial. A chemically pure 
water is not suitable for constant use as a beverage. 


Absolute chemical purity, in the sense of freedom from all 
foreign substances, is neither possible nor desirable. The surface- 
waters of uninhabited granitic and gneissic regions are often 
very free from foreign matters; but even they, in their passage 
through the air and over the ground, dissolve gaseous and solid 
substances. Most of the mineral substances which make up the 
earth's crust are cither more or Jess soluble in water, or are 
decomposed by water with the production of soluble compounds. 
The more common mineral substances thus occurring in natural 
water are the chlorides, sulphates and carbonates of sodium, 
potassium, magnesium, and calcium, together with silica, alumina, 
and iron, in some form of combination, Organic matter of animal 
or vegetable origin also occurs in most waters; it is various m 
character, and of very diverse sanitary importance. 


123.— What are the purest vatural waters ? 


Rain and snow water collected on a clean and prepared surface 
situated remote from halitations; it contains but little solid matter 
and traces of NH,, nitrites and nitrates, some O, N, and CO, 
in solution; lake water of mountainous regions as Lake Katrine 
near Glasgow, and the lakes of Westmoreland ; similar water in 
low mountainous regions. 


13.—Is pure water to be found in nature ? 


The nearest approach to purity in nature % rain water falling 

in rural districts and oiled in clean vessels. Chemically pure 

water is unknown in nature, and can only with difficulty be prepared. 

Distilled water is the purest water obtainable, but even this is 
"free from all foreign constitutents. 


14.—How may twe obtain perfectly pure water ? 
It can only be artificially prepared by very careful distillation 
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in the chemist’s laboratory—the clearest ice, the most transparent 
rain water, the whitest snow, all contain air and certain mineral and. 
organic matters although in small quantities only. 


15.—What may be said with regard to the revolution of water from 
the time it leaves the ocean fill it returns ? 


That all the water of the earth has performed this cycle over 
and over again, and as regards its relation to the animal kingdom, it 
may be stated that there is no reason to doubt that every drop of 
water on the surface of the earth has, at one time or other, passed 
through the intestinal canal of some animal, just as every cubic 
inch of the atmosphere has been breathed over and over again. 


16.— What say be said in regard to the advisability of providing a 
community with a permanent supply of wholesume water ? 


It ought to be a recognised principle of sanitation, that 
wherever a permanent supply of good water is available, it should be 
provided for the people. No reasonable amount of labour or expense 
should be spared to get water from a pure source. It is only by so 
doing that we can entirely remove from the lower classes the power 
of polluting water supplies. Locked up in water pipes, the water 
cannot be got at. It is thus that we shall help to lessen, if we can- 
net stamp out, the ravages of cholera and other diseases communi- 
cable by water, such as enteric fever, etc. We must remember 
that a deficiency of pure water in a community brings about accumu- 
lation of filth in all its forms, with all its evils. 


197.— What are the «8es of water ? 


The uses of water in civilised communities are many :— 

(1) It is an esate pas of our daily food. It serves to effect 
the excretion of effete products from the body, and helps to lubricate 
and build up the tissues. By its evaporation from the surface of 
the body it cools the system. It is really more important than food 
itself : for without it, food could not be used. It is necessary to aid 
in dissolving, digesting and assimilating the food, which, through 
these processes, is s0 altered as to be rendered fit for circulatin 
through the body. For these reasons alone the vital importance 6 
water in the animal economy isevident. It forms about 66 per cent. 
of the whole body, or in plemer terms, aman weighing 154 lbs. has 
in his body about 12 gallons of water, that is, enough to drown him 
if suitably arranged. It forms one of the chief constituents of the 
juices and tissues of the human body. 

(2) It is the closest approach yet discovered to the long-sought- 
for tniversal solvent (of the alchemists). 

(3) It is necessary for persunal cleanliness. This is perhaps the 
best place to remark upon the necessity of public bathing places. 
This cannot be too strenuously insisted upon, and the water in these - 
should, if possible, be kept clean by constant removal and periodical! i 
oleansing of the baths. 
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(4) Asabousehold requirement, itis used for cooking, for dlean- 
ing utensils, floors, etc. . 


(5) It is necessary for washing our linen. 


(6) For public purposes, it is used for watering streets an 
extinguishing fires. Among the greater advantages of an amp 
supply of water may be enumerated the cleansing of drains effected 
by copious daily flushing. The semi-fluid putrid material found 
sluggishly flowing in sewers is no small factor in the production 
of disease amongst communities, The great object of sewers is to 
remove, with as little delay as possible, the foul refuse of our bodies 
and houses from our surroundings, and this can only be effected 
by regular periodical flushing. After the introduction of an ade- 
quate public water-supply to towns, were it rendered compulsory, 
that every house tenant, stable, etc., should be furnished with water 
from this source, irrespective of private or public wells, it would go 
far to improve the sanitary condition of the towns, to promote 
health and lessen disease and mortality. 


(7) It is required for drinking purposes for horses and other 
domestic animals, as well as for washing these animals and cleaning 
carriages. 

(8) It is also required in manufacturing processes. But its uses 
do not end here. ‘Taking advantage of its incompresasibility in the 
liquid form, and its elasticity in the gaseous state, by it we are 
enabled to carry out our most powerful mechanical processes. In- 
directly it purifies the soil and air. The rainclears the air by wash- 
ing it, and finally the rain washes the soil. 

Water has also its therapeutical uses. In cases of fever, especially 
those fevers associated with high temperature, it affords a direct 
means of getting rid of the excessive heat of the body. We need 
scurcely be reminded that cold water is one of the best available 
means of reducing local inflammations. It would be out of place to do 
more than merely mention the part played by the waters of the dif- 
ferent Spas of Europe. Its various applicabilities in these institutions 
is due, however, in part to the extraneous agents the water contains. 

To effect all these purposes, a liberal supply is required, and a 
really hygienic state of a house, its surroundings and inmates 
cannot exist without such a supply. A community will, as a rule, 
ve found unhealthy in proportion as its supply of water is scanty. 
Such scantiness means imperfect cleansing, together with, in a great 
many cases, impurity in quality. Water is a unjyersal beverage, and 
Alar pure, it is perhaps the only one necessary for persons in 

alth. 


18.— What is the relation of water to the human body, and what part 
does it play as a food ? 


{6 is both a food and a solvent. Our tissues and organs contain 
much water, part of which is free and uncombined, the other part is 


« 
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in close union with them; one part soaks and imbues the tissues 
and organs, the other forms part of their structure. An adult man 
when in moderate labour requires about 46 ounces of so-called dry 
food to keep him in health. About one-half of this consists of water, 
so that only about 23 ounces is really solid, dry, food. An average 
adult loses from the skin, kidney, and lungs about 80 ounces of 
water daily. He requires, therefore, a similar quantity to make up 
for this loss. Some foods contain a large amount of water. Beef or 
mutton contains 75 per cent.; in other words, 1! Ib. of either of these 
consists of 12 ounces of water and 4 ounces of dry solid meat. 
Vegetables contain from 85 to 98 per cent. of water. Such vege- 
tables a3 turnips and cucumbers are almost all water; fresh fruit is 
much the same in this respect. 


19.— What are the other uses of water in the functions of the human 
economy ? 


Water serves many other purposes in the human economy: (1) 
It keeps the blood in a fluid state, in which form alone it could carry 
out its function as a nourishing medium to the organs and tissues of 
the body. lf the blood contains less than acertain amount of water, 
it becomes so thick that it cannot pass through the capillaries as 
occurs, for instance, in cholera. Water acts as a general solvent, by 
means of which property it serves to elaborate the blood and convey 
nutriment to all parts of the body. It also serves to build up new 
tissues and repair old. So long as water is taken, the absence of all 
other food can be borne for a comparatively long time. When de- 
ye of food and water, it is thirst we feel most and sooncst. 
is thirst is felt inthe mouth and throat, but this is merely a local 
sensation expressing a demand on the part of the economy for addi- 
tional fluid. 


20.—What is the proportion of water to solids in the body ? 


_ Two-thirds of the entire weight of the body consists of water. 
which enters into the constitution of every tissue and structure 
of the organism. 


21—What are the purposes for which water is supplied by public 
water works ? 


For drinking, cooking, and ablution of persons, clothes, utcnsils, 
and houses; for cleansing of drains, sewers, closets and streets; for 
drinking and washing of animals, washing of carriages and stables ; 
for trades and manufactories; for baths and fountains, for extin- 
guishing fires; production of steam, manufacture of ice, etc. 


22.— What is the importance of water in the animal economy ? 


Water is one of the prime necessities of life. Deprived of it 
for some days, the functions of the living econony come to an end. 
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This holds good with all animal and almost all vegetable life. <A 
few of the lowest fungi—especially the germs of some diseases, such 
ag Circe aba and anthrax, retain in the dessicated state, a latent 
witality ; but in this dried condition their power of multiplication is 
removed. They cannot be resuscitated in the absence of moisture 
in some form or Other. 


Water is being constantly lost to the body by the skin, the 
kidneys, and by the Jungs, and to replace this loss we require a cer- 
tain amount of liquid either as water or as a beverage. (Vide Ans. 18.) 


23.— What is the relation of drinking water to the gases it contains 
or may contain ¢ 


Water 1s an active absorbent of many gases, and from this 
property both innocuous and injurious gases may gain access to it. 


Rain water, and all other natural waters, are more or less charg- 
ed with the gases of the air. These are chiefly oxygen, nitrogen, 
and carbonic acid gas. ‘Twenty-five gallons of water will contain 
about tive pints of these gases. In ordinary air the proportion of 
oxsygen to nitrogen is about 1 to-+; but as oxygen is more soluble 
than nitrogen in water, water contains more of it. The carbonic acid 
gas of the air is also dissolved in rain water, but in comparatively 
small amounts. ‘Twenty-five gallons of lake or tank water seldom 
contain more than a quarter or half a pint of dissolved carbonic acid 
gas. This gas is very soluble in water, but as only four parts of it are 
contained in 10,000 parts of air, rain water also contains but a small 
amount of it; But ordinary river and well waters containconsiderable 

uantitics of carbonic acid gas. This is accounted for by the fact 
that in the decomposition and oxidation of the organic matter which 
gains access to rivers and wells, carbonic acid is generated and dis- 
solved. Water falling on the ground, finds its way to the animal 
and vegetable matter in the soil. The oxygen already dissolved 
in the water, ovidises the organic matter, and carbonic acid is 
given off in the process of decomposition. The water, vay nei 
of its oxygen, absorbs a fresh snpply from the air, and the forma- 
tion of additional quantities of carbonic acid gas is repeated; so 
that the water becomes more and more saturated with it. Such 
is the main source of carbonic acid in various waters. It is the 
existence of this carbonic acid gas that gives good water the pleasant 
briskness, freshness and sharpness to the palate. 


There is yet another source of carbonic gas in water that tra- 
‘verses the soil, viz., the air of the soil itself. The air in the surface 
soil contains a considerable amount of carbonic acid gas (about 200 
times as much as ordinary air, the proportion increasing as the depth 
increases). This carbonic acid gas hae likewise been formed by 
‘organic|decomposition, The water in its passage through the soil car- 
ries much of this carbonic acid with it, and this carbonic acid dissolves 
out any minerals met with that are soluble in a carbonic acid water. 
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24.-— How much oxygen, nitrogen, and carbone acid gas can a Litre 
of water dissolve ? 
A litre of water can dissolve 25 c.c. of oxygen, 46 c.c. of nitro- 
gen, and 10 o.¢, of carbonic acid, at the ordinary temperature and 
pressure of the atmosphere. 


25.— Are these gases contained in water as a rule ? 


These gases are usually present in natarat waters, but the por- 
tions are very variable, being largely dependent upon the source 
of the water, the degree of pollution and of exposure to air, and also 

n vegetable growth. Chalk and limestone waters contain exoess 
of carbonic acid gas. The gases in a pure water often contain 30 per 
cent. of their volume of oxygen. 


26.—How may they le extracted for the purpose of quantitative 


analysis ? 


By means of a Sprengle pump,* or by boiling the water for an 
hour, and collecting the gases over a mercurial trough. Potash wall 
then absorb the carbonic acid, and potassic pyrogallate or sodic 
h Naa will remove the oxygen, leaving a residue of nitrogen 
alone. 


27 .— What are the guacs most usually present in water ? 


Oxygen, nitrogen, carbon dioxide, hydrogen sulphide, and marsh 
gas. If the three former co-exist, as is generally the case, the 
oxygen is usually in larger relative amount than in atmospheric alr, 
as it Often reaches 32 per cent. Theamount of oxygen and carbon 
dioxide depend so much on varying conditions, such as the amount 
of exposure to the air, the growth or absence of plant life, and the 
presence of animals, as to render the proportions absolute and rela- 
tive, of the gases so variable, that few inferences of hygienic impor- 
tance can be drawn from their determination. A lessening, however, 
at one part of its course, in the quantity of oxygen which a certain 
water is known tod contain, may be useful, as pointing out that 
organic matter has been in the water.f 


28.— What are the useful gases in water 7 


O, CO,, N, they render water sparkling and pleasant. [O and 
CO, are dissolved by water to a larger extent than N.] 


29.— What useful purposes does O serve in water ? 


It serves to gradually oxidise and destroy the decomposing 
organic matter which may be dissolved or suspended in water. It 
eee serves to support the life of fishes and other aquatic 
animals. 


*See Part XX on Puysics anp Hyerente Cuemistny. 
# Warriecesn’s Hygieare and Public Health. 
TPauurs’ Practical Hygiene. 
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30.— What proportion of ceygen is usually present in 


About 82 per cent. [The quantity of this gas and likewiee that 
of CO, depends on the exposure to the air and on the quantity and 
Daten of dead or living organic vegetable and animal matter 
Mi the water. | 

31.—Of what use is CO, in water? 


_It renders soluble the Ca CO,, Mg CO,, and other constituchts 
which are little or not at all soluble in pure water. [CO, likewise 
serves to nourish green water plants in the same way that it does 
ordinary green vegetation. | 

323.— What may be considered the usual percentage amount of onygen, 
nitrogen, and carbonic acid gas in water ? 

Oxygen 30 to 37, nitrogen 63 to 70, and CO, 8 to 10 per cent. 

33.— What is the total amount of gases in a good palatable water ? 

From 20 to 50 c.c. in a litre. 

34.— What is the relation of chlorine to drinking water ? 

Chlorine in small quantities occurs in ail waters. An undue 
quantity, unlees explained by its coming from a saline spring, or 
from near the sea, should arouse suspicion. ‘The chlorides in water 
are important as indications of the existence of human excremental 
contamination, and somctimes they form a guide as to the channel 
by means of which sewage pains access. Hence the importance of 
estimating the amount of chlorine in quantitative chemical analysts. 


Excess of chloride of calcium and magnesium may give rise to 
diarrhwea. 


38.— What are the chief sources of excess of chlorine in water 7 
(1) Percolation from sea water in sea coast places. 


(2) Deep wells (200 or 300 fect) sunk into red and green sand- 
stone strata, chiefly as NaCl; and 


(3) Sewage. 

{In the first two there is no excess of organic matter. In deep 
wells there may be ammonia of organic origin from ancient decompo- 
sition, and it 1s therefore harmless; with excess of chlorine from 
sewage contamination there is always excess of organic matter which 
is very dangerous. | 

36.- In what form is chlorine chiefly present iy water ? 

Chlorine is present in water chiefly as a constituent of common 
salt. 

37.— What ts the average amount of Cl contained in good water ? 


About 3 parts per 100,000 (de Chaumont). [This amount is of 
no consequence except perhaps in that it adds to the palatability 
of the water.] 
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38 — What impurities nay natural waters contain ? © 


In suspension—Particles of animal, vegetable, and mineral 
origin. Microbes and other living organisms, animal and 
vegetable. 

In solution—Gases, mineral salts; soluble organic matter of 
animal and vegetable origin.* 


39.— What are the primary sources of water ? 


The primary sources of all fresh water are the seas and oceans. 
‘From them the heat of the sun causes the water to evaporate into 
the air, in the same way that the water disappears from a tumbler, 
if exposed to the sun’s rays. The oceans are very large, and a 
considerable quantity of water is drawn up from themin the form 
of vapour to mis with the air, When the wind blows towards thie 
land, this hot and moist air from over the ocean is driven to a 
cooler place. Now, when the air gets cold, it cannot hold this 
water any longer in the form of vaporr, clouds form, the little parti- 
cles of water in the clouds join together and descend. The water 
which thus drops we call rain. The air always contains some of 
this watery vapour or steam. We sce this when, in the hot weather, 
we put ice into a glass of water. ‘The outside of the glass at first 
acquires a hazy appearance, and then droplets of clear water accu- 
mulate upon it. Thecold glass has cooled down the air surrounding 
it, and caused the moisture in the atmosphere to condense into drops. 
‘When it rains hard, the greater part of this rain-water finds its way 
to the large rivers, and, finally, into the seas and oceans whence it 
originally came. ‘here is no manufactory of water in the world. 
the amount always remains the same although the distribution varies. 


40.—JWWhat are the chief sources of water for purposes of suyi- 
plying communities 7 


Wells—superficial or shallow, deep, artesian and tubo or driven 
wells ; rivers, springs, rain, tanks, lakes, artificial reservoirs ; surface 
waters and ground water. 


_41.—What may be said of the yuality of these various sources ” 


_ That they are hygienically of very unequal value as sources of 
supply; for whereas some of them may be without the least 
suspicion as to being productive of harm to the human economy, 


others may be occasionally, if not always, dangerous to health and 
sometimes even to life itself. 


42.—Classify the sources of water-supply, and point out the ad- 

. vantages and disadvantages of the various sources and 
modes of water-supply. 

Sources of supply may be classified under two main heads :— 

surface supply, from brooks, rivers, lakes, or reservoirs, surface-fed 

Springs, and shallow wells; and supply from deep subterrancous 


cemented oo es Cone 
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sources, a8 from springs cropping out at the foot of mountain ranges,. 
und having deep-seated sources, from artesian wells, and from other 

deep wells with or without adits or tunnels to increase the supply 

by tapping water-charged fissures. 

Ali surface supplies will be more or less contaminated by ani- 
mal and vegetable matter, and, in populous places, from sewage, 
and by waste from factories. Water collected in reservoirs and 
mountain lakes, from high-lying uncultivated moorland, will be the 
purest of these; next in orden: water from springs and from brooks 
not polluted by sewage; and last but worst come shallow wells. 

The softness of surface water is an advantage for cooking, wash- 
ing, and infusing tea, but disadvantageous from its liability to 
absorb lead from service pipes. Some moorland waters contain 
acids which may attack lead. 

Water from deep-seated sources are generally pure and whole- 
some, and when drawn from the granitic, hard sandstone, or oolitic 
sources, it will be soft. Supplies from the chalk-formation will be 
pure and wholesome but hard, the hardness partially disappearing 
on boiling. Water drawn from the selenitic rocks is permanently 
hard and decidedly unwholesome. Gravel and sand beds, and the 
softer rocks, furnish water of variable quality. 

The modes of supply are by gravitation and by pumping. Sur- 
face waters are supplied by gravitation, though it may be neces- 
sary to pump from a river. Water so supplied will generally 
require filtering. The first cost of the necessary works is large in 
proportion to cost of erecting pumping machinery. 

Water pumped from deep wells ma) require to go througha 
process of softening; no filtering will be needed, nor will large 
reservoirs be required; the working expenses will be eousiderable, 
but may not exceed the interest on the capital outlay of an alter- 
native gravitation scheme. 

Modes of distribution may be considered under the heads of 
modes of supply; these are by constant and by intermittent service. 
‘he former should be always preferred, as preventing chances of 
contamination in the mains and in house cisterns, and for conveni- 
ence in rapidly extinguishing fires. With good house fittings and 
proper appliances for detecting and preventing waste and leakage, 
no more water is expended by the constant than by intermittent 
service, and sometimes less. ; 

In places by the sea-side salt water may be used with advan- 
tage for street watering and for baths. and a scanty or expensive 
supply of potable water economized therechy.*« 


43.—As regards water-supply discuss the subjects of :— 
(a) Source; (b) Quantity reqaired ; (c) Distribution. 
(a) If more than one source of supply be available, that source 


* Abstracted from Sanitary Record, 1888. The various subjects dealt with 
cursorily in this answer will be alluded to more in detail in frture pages. 
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_ be chosen which will furnish not only a good supply of 
potable water for domestic use, but water of a quality adapted 
to the special requirements of the prevailing industry. The pros- 
perity of the place may greatly depend upon a suitable class of 
water being available for special purposes, as for brewing, dyeing, 
etc. 
These considerations may detcrmine the choice between upland, 
river, and deep well water. Comparative expense may also have to 
‘be taken into account. A gravitation scheme will involve a greater 
‘capital outlay, a pumping scheme greater working expenses. 


Water of a nature that will act on the leaden distributing pipes 
should be avoided if possible; if not, it must be specially treated 
to prevent absorption of lead. Very hard water should be avoided, 
‘or water which derives its hardness from unwholesome consti- 
tents. 

(ob) The quantity required will depend partly upon the nature of 
the occupation of the people, upon the prevalence or absence of 
water-closets end baths, and upon the requirements of the manu- 
facturers; and provision should also be made for street watering. 
public baths, and other public purposes. 


me) 
The quantity necessary must be determined in each case by 
eareful inquiry and observation; the flow of sewage will afford 
SSnsiderable information. Allowance must be made not only for 
present but for future requirements, and this will necessitate care- 
fal calculations as to the prospective growth of the town. 
Uhe requirements will probably average 15 to 20 gallons a head 
per diem for private purposes, and 30 gallons for all purposes. 


(c) Distribution should be on the constant system, with pressure 
enough to give a supply at all times to the top of the highest 
buildings. Fire-plugs should be provided in sufficient number 
for the extinguishing of fires. Manufactories should be supplied 
by meter. 


The system of pipes should be divided into sections, each capn- 
ble of being isolated from the others, to facilitate the detection and _ 
prevention of waste by means of valves to regulate supply, and by 
waste-detecting meters, supplemented by careful and constant 
inspection. “ Dead ends” as far as possible should be avoided, and 
the system so arranged as to maintain constant circulation through 
the mains.* 

44.— What are the different sources of water usually available for 
pote supply ? State the advantages and disadvantages of 
each. 


Rivers, streams, natural springs, artificially-formed wells, and 
apounding reservoirs or a combination of any of the former. Jn 





* Abstracted from Sanitary Record. Vide foot-note, p. 18. 
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river supply the advantages consist in its constancy, case with 
which it can be collected for filtration, and its general softness ; at 
the same time this is greatly counterbalanced by its hahbility to 
contamination, and often costly pumping. Natural springs are 
generally pure and often so placed as to admit of a gravitation supply 
(a great feavure ina public water supply scheme), though sometimes 
the water is hard; their disadvantage is their lability to dry up or 
cease to yield in seasons of drought. 


Artificially-formed wells, if carried down to good water- 
yielding strata, are excellent sources of supply. The greatest care 
must be taken both in the construction of the well itself and in the 
selection of the site, as a well may often be found to yield a good 
supply for some time and then to almost fail. The water is gener- 
ally hard, which is a disadvantage for domestic purposes. 


45.—How would you classify waters in regard to their freedom 
from organic matter ? 


“In respect of freedom from that most objectionable of im- 
purities, organic matter (‘organic carbon’ and ‘organic nitrogen’), 
waters range themselves in the following order of merit :— 


1. Spring water, 

2. Deep well water, 

3. Rain water, 

4. Upland surface water, 


5. Shallow well water.’’* 


46.—From what formations do we get the purest water supplies 7 
Granitic, millstone grit, hard oolite, and chalk. 


47.—Is there any connection between impure water and epidemic 
disease ? \ 


Yes ; so close indeed is the connection between certain epidemic 
diseases and impure water that it may be stated that such divae: 
can scarcely spread widely in a community without its influences ; 
for instance, it is a safe thing to assume that any severe outbreak 
of “bowel complaints,’ enteric fever or cholera ina community, 
should call the attention of the sanitary authorities to the state of 
general water-supply. 


48.— What substances ought to be absent from drinking water ? 


The following substances ought to be absent or present only in 
traces in drinking water:—HNO,, HNO,, NH, salts, metallic 
salts, organic matter, alkaline sulphides, aud H,S. 

Seen etetetan ORE rtp 


* FRANKLAND’S Water 
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49.—Give the substances with their quantities admissible in a good 
drinking water ? 


Cl under 2 grains per gallon. 
Lime ,, 3to4 - <4 (except in chalk water). 
Mg only a trace. 
Phosphates _,, 
Sulphates_—_;, 
Total solids under 8 grains per gallon. 
Volatile - | ee 2 
Free ammonia under ‘0014 .,.. 
Albuminoid ammonia under ‘0056 per litre. 
Oxygen for oxidisable organic matter below ‘035 gramme 
per litre. 
Fixed hardness under 20 degrees. 
Exceptions are made in the cases of chalk water, where lime may 
be in excess, and in NaCl and H,CO, waters, it the salts are inorganic. 
Anything beyond above contained in a water removes it from 
the category of first-class waters. 


§0.— What are the chief impurities mel with i rater, and what 
an general terms, are thetr effects ’ 


The most frequent impurity is sewage matter, and the next, 
percolation of refuse matter of different kinds from sinks, ashpits, 
etc.; impurities from graves of men, and animal impurities from 
manufactories and slaughter-houses. Au increase of mineral matter 
dissolved or suspended is only of subordinate importance, whilst 
increase of HNO, or NH, is only evidence of previous contamination 
of a dangerous kind, but xo proof by themselves of existing danger. Any 
notable increase in oxidisable oryanic matter or organic suspended 
matter, whether organised or not, is always gravely suspicious, 

Excess of fixed lime salts and magnesium sults is apt to pro- 
duce dyspepsia and diarrhoea occasionally, 2nd to aggravate 
dysentery and affections of the mucous membrane generally, espe- 
cially among the aged and in delicate children. Magnesium salts, 
some think, give rise to goitre, otters consider that disease to be due 
to @ikaline sulphides. Suspended mineral matter, such as scales of 
mica, silica, etc., may cause diarrhwa. Some alkaline chlorides, 
carbonates and sulphates may be present without producing any 
evil effect.* 

If we find a good deal of organic matter and only a small guan- 
tity of chlorine, we as a rule conclude that sewage in the solid or 
liquid form has not been the cause, but that in all likelihood the 
sources of impurity is vegetable matter. The chlorides affords a 
guide as to the source of contamination. 

Tt is a question whether the dissolved or suspended organic 
matter is the more dangerous. There are reasons to suspect the 


fonat <i mcsiesinntiepenminet 


*This subject is dealt with in detail in the Chapter on the Disraszs 
PRODUCED BY IMPURE -WaTERS. 
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suspended, and if we accept the “ germ theory of disease,” this would 
be a necessary conclusion. Yetit would be very rash to assert that 
the dissolved organic matter could be held blameless. 

51.— What is the inference to be drawn from the presence of vegetable 
, and animal organisms in water ? 


Living organisms of all sorts and descriptions, both animal and 
vegetable, are feounanaly met inwater. Their very presence naturally 
educates the existence of a suitable food, which food is chiefly 
organic. They do not of themselves, however, always entitle us to 
absolutely condemn the water in which they are found.* 


§2.—IJse tt difficult to tell whether a particular natural water is or ts 
not fit for general use ? 


As a general rule, it is not difficult to decide whether a natural 
uncontaminated water is or is not suitable for general use. With 
reference to most of the substances which occur naturally in potable 
waters, it is hardly fair to designate them as “impurities,” because 
these substances are common to all natural waters, and there is 
more or less of stigma conveyed in the term “impurity.” Fairly 
to be designated as impurrties, however, are mineral substances of 
known poisonous character and the organic matter of animal or 
vegetable origin which come as refuse from manufacturing or from 
household operations. fT 


53.— How does organic life affect the quality of water ? 
Fishes and certain aquatic plants increase the purity of water. 


54.—Write some practical hints on the subject of search after a 
2 source of water supply ? 


[In this respect the following abstract on the search after water 
from Parkes’ Practical Hygiene cannot be improved upon. | 

‘* Few precise rules can be laid down in regard to a search after 
a water-supply. On. plain, the depth at which water will be found 
will depend on the permeability of the soil and the depth at which 
hard rock or clay will hold up water. The plain should be well 
surveyed; and, if any part seems below the general level, a well 
should be sunk, or trials made with Norton’s tube wells. The part 
most covered with herbage is likely to have the water nearest the 
surface. Ona dry sandy plain, morning mists or swarms of insects 
are said sometimes to mark water below. Near the sea, water is 
generally found; even close to the sea it may be fresh, if a large 
body of fresh water flowing from higher ground holds back the salt 
water. But usually wells sunk near the sea are’brackish; and it is 
necessary to sink several, passing farther and farther inland, till the 
point is reached where the fresh water has the predominance. 

‘‘ Among the hills the search for water is wasier. The hills 
atore up water, which runs off into plains at their feet. Wells 


*Heurr’s Hygiene of Water and Vater-Supplies. (Thacker Spinck & Co. 
Osloutta, 1890, ygiene of pp ( P , 
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should be sunk at the foot of hills, not on a spur, but if possible at the 
lowest point; and if there are any indications of a water-course, as 
near there as possible. In the valleys among hills the junction of 
two long valleys will, especially if there is any narrowing, generally 
ive water. The outlet of the longest valley should be chosen, and 
if there is any trace of the junction of two water-coursern, the well 
should be sunk at theirunion. Ina long valley with a contraction, 
water should be sought for on the mountain side of the contraction. 
In digging at the side of a valley, the side with the highest hill should 
be chosen. 

“ Before commencing to dig, the country should be as carefully 
looked over as time and opportunity permit, and the dip of the 
strata made out if possible. A little search will sometimes show 
which is the direction of fall from high grounds or a watershed. 
If moist ground only is reached, the insertion of a tube, pierced with 
holes, deep in the moist ground, will sometimes cause a good deal 
of water to be collected. Norton’s American tube-well gave satisfac- 
tion in Abyssinia, although it did not succeed so well in Ashantee. 
A common pump will raise the water in it if the depth be not more 
than 24 or 26 feet; if deeper, a special force pump has to be used.” 


65.— What are subterranean reservoirs 7? 


They are the underground basins or magazines which store up 
the waters of the great rain percolatious, and deliver them to the 
springs-or wells in constant flow, as surface lakes gather the floods 
and feed the streams with an even, continuous, delivery. A concave 
dip of a porous stratum lying between two impervious strata 
presents favorable conditions for an “ artesian” well, especially af 
the porous stratunt reaches the surface in a broad, concentric plane 
of great circumference around the dip, forming an extensive 
gathering area. : 

Waters are sometimes gathered throtigh inclined strata from 
very distant watersheds, and sometimes their course leads under 
considerable hills of more recent deposit than the stratum in which 
the water is flowing. 

The chalks and limestones do not admit of free percolation, and 
are unreliable as conveyers of water from distant gathering surfaces, 
since their numerous fissures, through which the water takes its 
course, are neither continuous nor uniform in direction. 

56.—Is dew ever used as drinking water ? 

It has been used on boardship when the supply has run short, 
and no distilling apparatus is available. It has likewise been used 
by travellers in the desert and sterile regions of South Africa and 
Australia, and, it.is said, in Chili and Peru. 

87.— What are the characters of enow-water ? 

Snow-water contains the salts of rain-water, with the exception 
of rather less ammonia. The amounts of carbonic acid and air are 
very small, It is clear, but heavy, insipid and unpalatable. 
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88.— What changes in regard to purity and quality take place in the 
freezing of water ? 

In freezing, water loses most of its impurities, and any incorpo- 
rated vegetable organisms present are temporarily rendered inactive, 
but on melting, they once more resume their vital properties. It 
becomes purer, through the disappearance of almost all its mineral 
constituents, including much of the calcium carbonate and sulphate 
(if present) while its contained air and other gases are largely expel- 
‘led. Even most of the substances dissolved in the water-disappear 
from the ice. The water resulting from the melting of ice is usually 
pure, heavy, and non-wrated. 


We have more than once analysed ice from large factories and 
found it to be very impure, containing a considerable amount of 
organic matter, including micrococci and bacterioid forms. The 
most dangerous impurities of water are, suspended organic matters 
and some of those contained in the water before freezing is retained in 
the ice. Dead organic matter, if in large quantity, is decidedly 
unwholesome, but even in small quantities, it is usually dangerous, 
because it increases the probability of contamination with dangerous 
living organisms. Itis highly important thereforethat in the manu- 
facture of ice for human consumption the water employed should be 
pure, It is but fair to say, however, that most factory-ice is pure. 


59.— What are the properties of natural and artificially prepared ice 
and why 18 it important to be familiar with these properties ¢ 


Natural ice results from the freezing or crystallization of rain- 
water or snow. On melting it yields an exceedingly pure water. 
During the freezing process it gets rid of the gases and most of the 
mineral and of much organic impurities contained in the water pre- 
viously. The absence of gases and almost all mineral matter ponders 
it insipid, and dovoid of that freshness and sparkle so much appreci- 
ated in wholesome water. The absence of saline matter renders it soft. 
Artificially prepared ice may also yield pure water, but should the 
water from which it is prepared be of doubtful quality, it should not 
be consumed. Asa considerable quantity of artificially prepared ice 
is now consumed all over the civilised world, its quality is of grave 
importance. 


Where the quality of the water used. in the preparation of ice is 

not guaranteed, it is infinitely safer to use the ice as a cooling agent, 

eby placing the vessel containing the beverage fo be cooled in it, 
rather than placing the ice in the beverage. 


@0.—Is the water from melted snow pure ? 


Yes, if the snow is collected remote from human habitations. 

ear dwellings, however, it is liable to contain much organic matter. 

[The great outbreak of cholera in the year 1832, in Moscow, was due 

to the people consuming the snow upon which had been thrown the 
dejecta of cholera patients. ] 
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61.—Is srniow-water wholesome or otherwise 7 


There has long been an opinion that snow-water is unwholesome, 
but this, if it be true, is probably due to impurities. It is certainly 
unpalatable and unpleasant to the taste and is said to cause gastric 
disorders. Ice and snow may contain much suspended organic 
matter. Dr. Baker Edwards, of Montreal, found three parts 

r 100,000 in the shore ice and in the river ice. In Northern 

urope the poorer classes have the habit of using the snow lyin 
about their dwellings, and as this is often highly impure vith 
refuse substances thrown out from the house, this water may be 
unwholesome. It has been conjectured that the spread of 
cholera in the Russian winter of 1832 was owing to the use of such 
snow-water contaminated by choleraic excretions. A large number 
of the cases which occurred in Moscow in that year were traced to 
people who had consumed the melted water of scow upon which 
latter cholera discharges had been thrown. Ice and snow may also 
be the means of conveying malarious poison to places at a distance. 

62.— What are the characters of surface and subsoil waters ? 

They are very variable in composition, but often very impure, and 
always to be regarded with suspicion. Heaths and moors, on primi- 
tive rocks, or on hard millstone grit, may supply a pure water, which 
may, however, be sometimes slightly coloured with vegetable mat- 
ter. Cultivated lands, with rich manured soils, give a water often 
containing both organic matter and salts in large quantities. Some 
soils contain potassium, sodium, and magnesium nitrates, and give 
up these salts in large quantity to water. This is the case in several 
parts of India. Intowns and among the habitations of men, the 
surface water and the shallow well water often contain large quanti- 
ties of calcium and sodium nitrites, nitrates, sulphates, phosphates, 
and chlorides. The nitrates in this case probably arise from am- 
monia, ammonium nitrite being first formed, which dissolves large 
quantities of lime. Organic matter exists often in large amount, 
and slowly oxidises, forming ammonia and nitric acid. In sbme 
cases butyric acid, which often unites with lime, is also formed. 

63.—How is this surface water affected by passing through the soil 
of inhabited areas ? 

This surface water in passing over and through the filthy 

ound around habitations, carries with it many poisonous matters. 
Fre see, therefore, that in the case of superficial wells, the qualit 
of the water they supply depends upon the nature of the sol 
through which the subsoil water flows. This soil has, as a rule? 
been contaminated by the organic impurities of years. Now, until 
all the vegetable and animal organic matter of the soil is oxidised 
(a process that takes years to complete), the water from superficial 
weils remains impure: but in the absence of proper soil and sur- 
face drainage, the pollution of the soil is constant and progressive, 
and therefore this oxidation of organic matter is never completed. 


* Vide AuTHOR’s Hygiene of Water and 
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{The water of some of the superficial wells we have analysed is 
really a form of dilute sewage. ] ° 


64.—Does surface water contain much CO, ? 
As a rule it is very poor in CQ,. 

65.— What does excess of OO, in water usually indicate ? 
That the water has come from a considerable depth. 


66.— What is meant by wpland surface water ? ‘ 


The water collected in hilly districts as on moorlands at the 
head of a river. 


67.—Is uplind surface water from uninhabited areas good as a 
source of supply ? 


Yes, probably one of the best 


68.— What other waters may we include in upland surface waters ¢ 
The waters from all the lakes in mountainous districts. 


69.— What form of organic matter may be found in upland surface 
water ? 


Peaty matter is frequently present in such water often giving 
the water a decidedly yellow hue 


70.—How may the peaty matter be removed ? 
By filtering the water through beds of sand. 


71.—Is peaty matter dangerous and is filtration absolutely necessary ¢ 


No, it is quite innocuous, although the colour gives the water an 
unpleasant and uninviting appearance, besides being unpalatable. 
The filtration of such water is more a matter of expediency than 
of necessity. Almost all the water supplies in Ireland from upland 
Surface districts contain peaty matter. 


72.— What is the source of danger in connection with filtered peaty 
water ? 


Water impregnated with peaty substance is charged with dis- 
solved organic matter, mostly of vegetable origin; 1m its native 
rivulets it is kept sweet by the presence of myriads of organisms, 
together with abundance of green plants, hen such water is 
separated from these larger forms of living population, as is done 
by straining through sand filters, the organic .matter in solution 
oon begins to decompose. 


73.—Ie the effluent from irrigated lands pure or otherwise ? 


The effiuent from trrigated land, particularly that from rice- 
fields, is exceedingly impure and dangerous to use for drinking 
purposes. In someagricultural districts, this water forms the prin- 
Cipal source of supply. These fields are regularly manured and con- 
tain decaying vegetable and animal matter. The combination of 
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putrefying animal and vegetable organic matter in such water is 
most pernicious to the well-being of those who drink it. 


74.— What are the characters of the water of ditches, pools, and ponds? 


The water of ditches, pools and ponds, is excessively impure, 
especially if close to human habitations. It is usually stagnant, 
foul, and laden with organic matter, including living organisms, 
animal and vegetable Its consumption is always associated with 

eat danger to health, and if its use is unavoidable, it should be 
fitered, repeatedly boiled, and filtered again before being used for 
drinking purposes. In this case there must be two filters. [We 
have seen villages depending entirely for their water-supply on 
ponds and the water contained in shallow excavations, and we have 
recorded the coincident high mortality in such villages. ] 


75.— What is “under drainage” water ? Ie it a good water ? 


Water which has filtered through the soil and has been collected 
from drains laid from 3 to 6 feet under the surtace. It is often: 
a tolerably pure water, except, of course, when it is from manured 
cultivable land. 


76.— What is alluvium ? 
It is usually a mixture of sand and clay. 
77.— What are the characters of alluvial waters 7 


They are generally more or less impure and are exceedingly 
variable in quality and in constituents, containing calcium carbon- 
ate and sulphate, magnesium sulphate, sodium chloride and car- 
bonate, iron, silica, and often much organic matter. Occasionally 
the organic matter oxidises rapidly into nitrites, and if the amount 
of sodium chloride is large, it might be supposed that the water had 
been contaminated with sewage. The amount of solids per 100,000 
parts varies from 30 to 180 parts, or even more. Occasionally the 
organic matter rapidly oxidises into nitrites. 


78.— Whai are the characters of waters from marshes ? 


The water of marshes is one of the most unwholesome that can 
be used. It is decidedly impure, containing an abundance of decay- 
ing vegetable matter (from 10 to 40 grains per gallon), although: 
it sometimes has the appearance of being pure. There is often: 
much suspended organic matter; and the salts are scanty—except 
the marsh be adjacent to the sea—and consist mostly of carbonates, 
sulphates, and chlorides of sodium and lime. tt ig invariably 
& suspicious water. [The vegetable matter of marsh waters, in com-, 
bination with heat and moisture, is the cause of “ malarial 
diseases ’—ague, remittent fever, enlarged spleen, dysentery, diar- 
rhoea, anemia and sometimes neuralgia. Such water should never 
be drunk. If compelled to use it, we should first give it a series of 
boilings and then filter it.]* 
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79.—Has the course pursued by water in -ite passage through the 
various underground geological strata any importance with 
regard to its chemical composition ? 


Yes; the nature of the geological strata through which the 
subterranean water feeding a well, or other source of water supply 
flows, has an important bearing upon the mineral and gaseous con- 
stituents of that supply, and in rendering them palatable, colourless 
and wholesome by percolation. 


80.— What ave the characters of soft and stone rock waters ? 


They are very variable in quality, so that no average can be 
drawn. Their total solids range from 25—80 grains per gallon, and 
consist of carbonate, sulphate, and chloride of sodium, small quanti- 
ties of lime and magnesia, and a large amount of organic matter. 


81.—JWWhat are the characters of loose sand and gravel waters ? 


They vary much in composition, but they are occasionally very 
pura, especially those from green sand. In this latter case the total 
solids are not more than “ from 4 to 8 grains” per gallon and consists 
of a little sodium carbonate, sulphate and silicate; magnesium 
carbonate; sodium and magnesium chlorides, 


82.—What are the characters of millstone-grit,.and hard oolite 
waters ? 


They are generally very pure, the solid constituents small, not 
exceeding eight grains to the gallon, and consisting chiefly of the 
sulphates and carbonates of lime and magnesia, with a trace of iron 
aad. potassium’chloride; sodium and potassium sulphate; and traces 
of organic matter. In tolerably pure gravels, not near towns, the 
water is very free from impurity. In the case of many sands, 
however, which are rich in salts, the water is impure, the solid 
contents amounting sometimes to 50 or 70 grains per gallon or 
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more. As a rule, they contain much mineral matter derived from * 


the sand (chiefly calcium, magnesium, and sodium salts), as well 
as considerable quantities of organic matter. They are often of 
alkaline reaction and may contain a good deal of organic matter. 
They are occasionally very impure in consequence of the ease with 
which surface water may permeate the surface soil to reach the 
water-bearing stratum below. 


83.— What are the characters of water from granite, metamorphic, 
clay slate and trap-rock formattons ? . 


These waters are generally very pure and wholesome, contain- 
ag small quantities of solid constituents, mainly carbonate and 
chloride of sodium, with a little lime and magnesia. “Generally 
the aie water is very pure, often not exceeding 3 to 9 parts 
100,000 of solids, consisting of sodium carbonate and chloride, anda 
little lime and magnesia. The organic matter is in very small amount. 
The clay slate water is generally very pure, often not containing 
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more than from 4 to 5 parte per 100,000. The water from hard 
trap-rocks is pure, but if the trap be disintegrated the shallow wells 
sunk in it are of course liable to be fouled by surface washings or 
s0akage.’’* 

84.— Why are greensand waters pure? 


The greensand are porous and oxidising strata, containing, 
however, protoxide of iron, which exerts a reducing action upon 
nitrates and nitrites in the water, converting them into ammonia, 
and reducing sulphates with the resulting formation of sulphuretted 
hydrogen. ‘These waters are organically very pure, in this respect 
in fact, comparable with distilled water, but as it often passes , 
over or through chalk, it may be very hard. Deep wells sunk in 
such strata are pure but hard. The hardness which is due to 
bicarbonate of calcium istemporary and can be removed by boiling 
(as in the case of chalk waters). 


85.—Why are new red sandstone waters pure ? 


The new red sandstone, being a porous and ferruginous rock, 
acts as a powerful filter and oxidiser upon the organic matter in 
the water that percolates through it. 


86.—What are the characteristics of waters from lias clay? 


Lias clays yield water of variable composition, but they some- 
times contain from 80 to 220 grains of mineral matter to the 
lion, with a small quantity of organic. They are often excessively . 
impure, and in @ specimen examined by Prof. Voelcker, 88 ‘grains of 
sulphate of lime and 41°8 of magnesium sulphate were found. 


87.— What may be said with regard to the quality and yield of 
clay waters ? 


“Very few springs exist in the stiff clays; the water is chiefly 
surface, and falls soon into the rivers; it varies greatly in composi- 
' tion, and it often contains much suspended matter, but few dissolved 
eonstituents, chiefly calcium and sodium salts.”’ 


38.— What are the characters of selenetic waters ? 


Selenetic waters are unwholesome, They are hard, very little 
affected by boiling, containing excess of sulphate of lime (6 to 2U grains . 
or more per gallon). They give rise to dyspepsia, and to constipation 
alternating with diarrhova. They are not good for cooking or washing. 

89.— What ia the relation of lime.and magnesian salts to the various 
kinds of drinking water ? : 

The calcareous and magnéstan salts are the most frequent mineral 
matters met with, and of these the sulphates and carbonates are 
the chief to be dealt with. Chalk (or carbonate of lime) is onl 
Holuble to the extent of two or three grains to the gallon in chemi- 
cally pure water; but itis readily dissolved by the carbonio acid 
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present in all natural waters. Ordinary limestone and marble are 
varieties of carbonate of lime. Gypsum, alabaster, and selenite are 
varieties of the sulphate of the same metal. The sulphate is far more 
soluble than the carbonate, but is less diffused in the soil, and so is 
not met within similar quantities. The amount of lime salts in 
- water varies from one-third of a grain to the gallon (in lakes 
surrounded by siliceous mountains), to 15 or 20 grains per gallon 
in many well waters, specially those in chalky districts. lt has been 
supposed that the lime salts of water contribute to the formation of 
bone of animals, but it is usually in such small quantities as to have 
no material effect in this respect; and, fyrther, Nature furnishes 
in ordinary food a much more convenient und suitable method of 
bone formation, than this. Even in places where large amounts of 
salts of lime are met with, no conspicuous influence is seen in the 
consumers—either the people become accustomed to the water, or 
the quantity of lime in it has no particular effect upon them. 
The magnesian salis are met with almost as commonly as the 
_ calcareous, Well water usually contains about 24 or 3 grains to the 
gallon. It occurs as a carbonate with smaller quantities of the sul- 
phate. These quantities have no effect on health. Some of the 
aperient mineral waters contain large quantities of sulphate of 
magnesium or Epsom salts. Excess of sulphate of lime and magnesia 
(10 to 20 grains to the gallon) may constitute an impurity. 


90.— What is dolomite ? 


Dolomite or magnesian limestone, is a double carbonate of lime 
and magnesia. 


_91.— What are the characters of limestone, and dolomite waters ? 


They are wholesome and agreeable, bright and sparkling as a 
rule, but characterised by a larger amount of total solid matter than 
chalk water, and by the presence of a great quantity of sulphate of 
lime (4 to 12 grains or more) and some carbonate of lime and 
much magnesium carbonate and sulphate. They are hard waters, 
and this hardness is much less affected by boiling than is the case 
with the chalk waters, and are therefore less suited for culinary and 
domestic purposes. Such waters may possess purgative properties. 
The organic matter is usually very small in amount.. 


923 .— What are the chief characteristics of chalk waters ? 


Chalk waters are clear, wholesome, sparkling (being charged with 
carbonic acid gas), and pleasant, and generally very pure. They are 
chiefly characterised by the solid matter, which consists of carbonate 
of lime (5—20 grains to the gallon), a' little carbonate of magnesia, 
small quantities of common salt, and insignificant amounts of 
ivon, silica, potassium salts, phosphoric and nitric acids. They are 
#6 ® rule very pure organically. ey are hard, but the hardness is 
femoveable by boiling, which drives off the carbonic acid gas, 
poltine the excess of carbonate of lime in solution. The hardness 
qnay likewise be removed by Clark’s method. 
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93.— Occasionally chalk water contains very litile chalk, why ta this ? 


Because sometimes the water drawn from the upper part of the 
chalk is really derived from tertiary sand lying above the chalk. 


sammie ny a8 the case what other bodies take the place of the 
chalk ! 


The decrease in chalk is associated with a comparatively large 
amount of carbonate and chloride of sodium, aud the water may 
actually be alkaline in reaction. 

95.— What are the advantages and disadvantages of chalk waters ? 

They are as a rule wholesome and sparkling, but from the large 
quantities of CaCO, contained, they are very hard and, therefore,. 
possess all the disadvantages of hard waters. 

96.— What is the special distinction in connection with chalk waters? 

They are very hard. 


97.—Give a table showing the relation between the general characters 
of a water, and the geological strata from which it is derwed. | 


Clear, wholesome, and sparkling ; generally very 
pure, and chiefly characterised by the solid 
ate consisting almost entirely of carbonate 
of lime 


Wholesome and agreeable, but characterised by a 
and 


Chalk 


Limestone 
dolomite. 


larger amount of total solid matter than chalk 
water, and the presence of a greater quantity 
of the sulphate of lime and magnesia. 


: .. ( Generally very pure ; the solid constituents small, 
Millstone, —_grit { and consisting chiefly of the sulphates and car- 


and hard oolite.(  bonates of lime and magnesia with a little iron. 


Granite, meta- 
morphic, trap- Generally very pure, small quantities of solid 
rock and clay constituents, mainly carbonate of soda and 
slate forma- chloride of sodium, with a little lime and 
tions. _ .magnesia.* 


98.— How much CaCO, does chalk waters contain ? 
About 1} tons in every 100,000 gallons. 

99.— What are the most common mineral constituents of water ? 
Carbonate and sulphate of lime. 


100.--How may we explain the presence of carbonates of lime and 
magnesia in certain waters ? 


Neither carbonate of lime nor carbonate of magnesia is dissolved 
y pure water to any considerable extent ; if, however, the water be 
ged with carbonic acid gas, its solvent power is very much 


*Hossann’s Handbook of Forensic Medswine and Medical Police. 


CHap, I. | WATER. 27 
increased and a considerable quantity of the carbonates will pass into 
solution. This is generally expinine? by supposing that there is an 
actual chemical combination between the carbonic acid and the 
carbonate of lime, forming what is called a bi-carbonate. Since 
meteoric water, in its passage through the air and ground, always 
absorbs carbonic acid, and since carbonate of lime is widely diffused 
as limestone, marble, chalk, etc., in the soil, it is not surprising that 
many natural waters are hard on account of the dissolved bicarbon- 
ate of lime. 


101.—Je the quality of hardness peculiar to chalk waters ? 


No; hardness is not peculiar to water from any one source ; 
rivers and lakes, springs and wells, are all liable to furnish hard 
water when they are situated in regions which contain deposits of 
limestone or of gypsum or of magnesium minerals. 


102.— Discuss the subject of hardness of water ? 


The solutions of salts of lime and magnesia are among the 
chief causes of the quality called hardness in water. Their carbon- 
ates are broken up by boiling, for the heat dissipates the car- 
bonic acid, when the insoluble bases are deposited, and, with such 
other insoluble matters as are present, form incrustations such as are 
seen on the interior of tea-kettles and boilers where hard waters 
have been heated. The carbonates, in moderate quantities, are less 
troublesome to human constitutions than to steam users. The effects 
of the carbonates are termed “ temporary hardness.’ The sulphates, 
chlorides, and nitrates of lime and magnesia are not dissipated by 
ordinary boiling. Their effects are therefore termed “ permanent 
hardness.” 


This source of waste from hard waters, which extends to the 
destruction of many valuable food properties, as well as to destroy- 
ing soap, is not sufficiently appreciated by the general public. 


One of the first results of the massing of people together is an 
increase in degree of fertilization of the land of their neighbourhood, 
and thus the lands overand through which their waters flow are 
mixed with concentrated puller aie « vegetable and animal pro- 
ducts. The continued increase in the hardness of well-water as the 
population about them becomes more dense, indicates that this in- 
crease is due to the salts of the dissolved organic refuse with which: 
the ground in time becomes saturated. : 


103.—Give examples of very hard and very soft waters. 


VERY HARD. VERY SOFT 
Stinderland, from dolomite, 30° hardness, Distilled water. 
Chatham, 24°. Rain water. 


Croyden & Kent Company’s water, 20—21°. Upland surface water. 
Chalk and selenetic waters. ’ 
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104.— What are the best geological formations to gwe water « 
bright and. sparkiing appearance and yet maintain thew 
purity ? 

Chalk formations, hard oolite, greensands, and new red conglo- 
merate sandstone. 


105.— What change is produced by adding carbonate of soda to 
water containing bi-carbonate of lime ? 


The chemical effect of adding carbonate of soda to the 
bicarbonate of lime is to form bicarbonate of soda, which is soluble 
in water, and carbonate of lime, which is practically insoluble, and 
which, by this means, is removed to a large extent from the water 
and settles as a fine powder if the water is allowed to stand. 


106.— What forms the crust in the interior of kettles and boilers ? 


The bulk of the crust is made up of carbonate of lime, and to a 
less extent by carbonate of magnesia. 


107.—Whait ure the causes of the mineral incrustations in steam 
boilers ? 


The water in the boiling process has all its free and any excess 
of CO, driven off and thé salts, especially the carbonates of lime 
and Mg if held in solution, are deposited. Further, the gradual 
decrease in the bulk of the water (in consequence of the evolution of 
steam) renders it unable to hold the salts dissolved in it as solution 
any longer. 


108.— How does hard water affect the cooking of meat and vegetables ? 


W hen meat or vegetables are cooked by boiling in hard water, a 
certain amount of the same material as is deposited onthe surfaces 
of boilers and kettles, coats the meat or vegetables and either hinders 
the proper penetration of the heat into the interior, or prevents 
solution of the soluble materials when this is desired. The same 
applies tothe infusion of tea. The fur lining is also a non-conduct- 
ing material, and prevents the passage of heat from the fire to the 
contents of the boiler or kettle, thus causing a waste of fuel. 


109.— How does hard water or water containing iron affect the in- 
fusing of tea, and how may such waters be rendered fit 
for that purpose ? 


If water contain much lime or iron it will not make good tea; 
in each case the water should be well boiled with a little carbonate 
.of soda for 15 or 20 minutes, and then poured on the leaves. 

If lime salts be the cause of the hardness the particles are pre- 
cipitated upon the leaves and iron forms a tannate of iron in the tea. 


110.—From a sanitary point of view which is the most desirable, 
hard or soft water ? 


Although it may be an open question as to the effect of 
drinking hard water, there is no doubt but that, on other sanitary 
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grounds, soft water is much to be preferred, and especially with 
reference to cleanliness of person and of surroundings. Hard 
water is not only less agreeable in washing, but is less effectual as a 
cleansing agent. A portion of the soap used is destroyed for all 
practical purposes, and forms in the water an insoluble curd, useless 
as a detergent and unsightly to the eyes of those who are accustomed 
to soft water. For cooking, hard water is, as a rule, much less 
suited than soft, and if, in addition to these considerations, we take 
into account the fact that for most manufacturing operations soft 
water is desirable, it is evident that, for the general purpose of 
town-supply, soft water is to be preferred. 


111.— What may be said as to the superiority of soft over hard 
water for washing, cooking, and manufacturing operations. 


The washing of linen can only be performed with soft water. 
If the available water be hard, 1t must be artificially softened—an 
operation which, on the domestic scale must be performed at great 
expense by the aid of either fuel, soda, or soap. In personal 
ablution, also, the use of soft water is much more pleasant and 
efficient. It is also more economical; but, by the general use of 
a very small quantity of water, the waste of softening material is 
here much less than in a laundry. 


112.—How would you represent the pecuniary loss in the use of a 
hard as against that of a soft water ? 


Each degree of hardness implies the waste of about 12 lbs. of 
the best hard soap for each 10,000 gallons or 100,000 lbs. of water 
used in washing. 


The cost of softening 1,000,000 gallons of chalk-water, having 
a temporary hardness of 20° is :— 


8. d. 
16 cwt. of lime @ £1 ae ton 16 0 
abour. 7 0. 


Total... £1 3 0 
About 108. of this £1 3s. is recoverable in the sale of “ whiting” 
produced in the softening process. 


113.— What are the chief disadvantages assaciated with the use of 
hard water. 


(1) The waste of soap in washing clothes. . 


(2) The difficulty of cooking food, especially vegetables, in it. 
Tea can be but imperfectly infused in hard water. 


(8) The precipitation of the lime salts on the interior of vessels 
in which such water is boiled; or upon clothes or other material 
coming into contact with the water. 

{It is a well-known fact that crude carbonate of soda is used’in 
some laundries in England, and in certain places in India, to lessen. 
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the hardness of water, and it is further known that this saturation 
of clothes with soda decreases the durability of the fabric of clothes. 
Hard water results from the originally soft rain water falling on, 
or coming into contact with, limestone rocks, or from the water 
percolating through strata containing lime, magnesia, iron, and 
various sulphates, all of which impart hardness to water. Hardness 
due to carbonate of lime and magnesia a in solution by excess 
of carbonic acid, is removed on boiling. The boiling drives off the 
carbonic acid which kept these salts in solution. This is particularly 
the case with chalk waters, for on boiling the chalk is precipi- 
tated: the hardness it causes istemporary. The sulphates of these 
salts are not affected in this way }.* 


114.— Why is the hardness caused by the presence of bicarbonate of 
lime (or magnesia) called “ temporary”? 

Because it may be removed by boiling. [Some waters are said 
to have “ permanent ”’ hardness; they are not softened by boiling 
or by Clark’s process, and the hardness, is generally due to the 
presence of sulphate of lime (gypsum) although the sulphate, and 
other soluble compounds of magnesium, have the same effect. ] 


115.— What is the action of common soap on hard water ? 


If common soap be added to the water, the water seems to curdle, 
but refusea to form a froth or “ suds,” until, by the mutual action 
of soap and bicarbonate of lime on each other, the lime is nearly all 
converted into an insoluble lime-soap which forms the curd alluded 
to. After this point is reached, any additional soap becomes 
available for washing. 


116.— What is the disadvantage of this method of softening ? 
It is an expensive process. 
117.—Mention another domestic method of softening water often 
employed. 
That of adding ordinary carbonate of soda (“ washing soda, ” 
“soda crystals ”) to the water. 


118.— Mention another method of softening water containing eacess 
of carbonate of lime. 


A simpler method consists in boiling the water for half an hour or 
more. The boiling causes the expulsion in the form of gas of the car- 
bonic acid, the presence of which enables the water to dissolve the 
carbonate of lime; when this carbonic acid is driven off, the carbon- 
ate of lime remaining, settles out as a fine white powder. ‘I'he deposit 
which settles from the boiling water adheres more or less to the 
bottom and sides of the vessel in which it is boiled, and often causes 
serious trouble in steam-boilers. (Vide Nos. 108 and 109). 


*See the Aurnor’s Hygiene of Water and Water Supplies. 
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119.—Upon what does the relative eapense of Clark’s process depend ? 


The felative expense of Clark’s process depends upon the facilities 
for dis osing of the “whiting” produced. In some localities it would 
be routily isposed of and pay a large proportion of the expense of 
softening the water; in other localities it would probably not find a 
market. 

120.—Is there any economical process which is practicable on the 
large scale for softening hard waters ? 


There is not, and in general terms it may be stated that a 
water which has a high permanent hardness is unsuited for general 
use. 

121.—How may hard waters be softened on the small scale ? 


By carbonate of soda,*-which acts upon the soluble sulphate of 
lime, converting it into carbonate of lime, which, as we have already 
seen, is nearly insoluble in water. The effect of hard water upon 
soap, is the same as that of a water the hardness of which is due to 
the presence of bicarbonate of lime, but there is a considerable 
difference in the eharacter of the deposit or incrustation which is 
formed in steam-boilers. 


122.—What simple means might be adopted to soften water ? 
The addition of lime, or the use of Na, CO, or of soap. 
123.—Classify the causes of hardness of water ? 
The causes of hardness may be thus classified :— 


1. Carbonate and sulphate of lime and 
magnesium 
Carbonic acid. 
. Calcium fixed salts. 
Other magnesium salts. 
Tron salts. 
. Other acids and acid salts of metals. 
Calcium fixed salts. 
. Magnesium fixed salts. 
. Carbonate of lime | 
and magnesium f in solution.* 
. Carbonic acid 
{The carbonates at times are fixed salts as in the case of trough 
_ water. But when we speak of fixed hardness,, we usually mean 
sulphate of lime and magnesia. ] 
124.—From the foregoing statements what are the chief causes of 
hardness in water ? 
Carbonates of lime and magnesium, sulphates of the same 
metals, acids, and iron. 


Total hardness 
due to 


Fixed hardness 
due to 


Temporary hard- , 
ness due to 9 
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125.— What are the hardest. natural waters ? 


Those of springs rising in the dolomite, chalk and limestone ; the 
former from containing magnesia is permanently hard. 


126.—Is a small amount of calcium and alkaline salts injurious f 
No, calcium salts in small quantities and alkaline salts, 
especially NaCl, in water is not unwholesome, and probably the 
are valuable constituents, of water. (Water which has a saltis 
taste, usually due to excess of Na Cl, is said to be “ brackish”.] 
127.— What are the worst kinds of saline impurities in water ? 


Salts of calcium and magnesium. 


128.—JVhat should be the proportion between temporary and 
permanent hardness ? 


If there be a total hardness of 12 degrees, then 7 or 8 of this 


should be temporary and the remainder permanent, and the same 
holds good for the higher proportions. 


129.—How much carbonate of lume can & gallon of distilled water 
dissolve ? 

From 2 to 3 grains. [The presence of CO, in the water will 

enable it to take up from 12 to 20 grains of the calcium carbonate. | 


130.— What would be considered an average water in respect of 
hardness ? 


A water containing 8 to 10 grains of mineral matter per gallon, 
which is equivalent to that quantity Ca CO,. 


131.— What ia a soft water ? 


One containing less than six grains of mineral matter to the 
gallon, which is equivalent to that quantity of Ca CO,. 


132.—Whai is a hard water ? 

One containing 14 or more grains of mineral matter to the gallon. 
133.— What salts cause permanent hardness ? 

Sulphates, chlorides and nitrates of the earthy metals. 


134.— Classify waters according to their hardness ? 


From hard to soft we have :— 
Shallow well water, 
Deep well water, 
Spring water, 
River water, 
Surface water from cultivated land, 
Upland surface water, 
River water, 
Distilled water. 
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135.— What is meant by total and permanent hardness ? 
The hardness of unboiled water is called total hardness, while 
that of boiled water is called permanent hardness. 
136.— What is meant by temporary hardness ? 
The hardness that muy be got rid of by boiling or by means of 
Clark’s or any other softening process. 
137.— How is the extent of hardness usually calculated ? 


Hardness is usually reckoned as so many grains of chalk or 
carbonate of: calcium per gallon of water, or so many parts per 


100,000. 
138.—How much solid matter is there in sea-water ? 
Thirty-five parts per 1,000. 


139.— How much of this is common salt? 
Twenty-eight parts. 


140.—Siate briefly how much chloride of sodiwm is there in sea-water ? 


There are 28:05 parts of NaCl in 1,000 parts of sea-water, or 
2,805 parts in 100,000. 


141 .— What ts the composition of sea-water ? 


The following are analyses of watcr taken from the British 
‘Channel and the Mediterranean Sea :— 


British Channel. Mediterranean. 


Water hos oe 963°74 962°34 
NaCl ee eh 28°05 29°42 
Potassium Chloride ... 0°76 9°50 
Magnesium Chloride ... 3°06 33°20 

Bromide.., 0°02 0°50 

3 Sulphate... 2°29 2°47 
Calcium Sulphate ae 1-41 1°35 

» Carbonate... 0°03 O11 
Iodine bs aa traces 0°00 
NH, ees a traces 00°00 
Ferric Oxide... sae 0°00 00°00 


142.—Does coal gas ever find its way to water aupplies ? 


_ Yes; coal gas passing into the ground from leaking gas 
pipes sometimes finds its way into wells, or even into water pipes. 
n Berlin, in 1864, out of 940 public wells, 39 were contaminated by 
admixture with coal gas. A good instance is related by Mr. Harvey 
where the main pipes were often empty and gas penetrated into 
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143.— What practical point commends itself from this danger ? 


Having regard to the cases in which gases from the soil (from 
leaking gas pipes, sewers, etc.) find their way into water pipes, it 
would seem important not to lay water pipes near any other pipes, 
or what is better, have all gas pipes in sub-ways, where they can 
be inspected, 


CHAPTER II. 


Wett WATERS. 


144.— What are the different varieties of wells ? ; 

There are three varieties of wells, shallow or superficial, deep, 
and artesian. {The waters of these wells vary much in quality. The 
Jast mentioned may be considered a variety of deep wells.) 


145. — What is a deep well ? 

A deep well is one that passes through the first impermeable 
stratum of the soil, which stratum sometimes consists of stiff clay but 
often of rock. The ordinary depth of such a well is from 40 to 
50 feet. Sometimes however, these wells have a much greater depth. 
In other words deep wells are those which are sunk to considerable 
depths through regular geological strata, such as chalk, oolite, 
and sandstone in search of water. Those also are known as deep 
wells which pass through a superficial porous bed and an 
underlying impermeable stratum to reach water-bearing strata 
at greater depths, though often at no great distance from the 
surface. Thus it may happen that a shallow well sunk 50 feet into 
® porous soil may be deeper than a deep well at no great distance 
away, which passes through the impermeable stratum upholding the 
water which supplies the shallow well. 


146.— What are shallow wells ” 


Shallow wells are those which are sunk merely into the super- 
ficial stratum of porous soil. It is not easy to draw any particular 
lineas to depth, but generally wells less than 30 feet deep must be 
reckoned in this class, unless there should be an impervious 
stratum passed through which shall effectually shut out surface- 
waters. A shallow well is one that is of meagre depth, sunk only to 
the extent of 20 to 30 feet ; or, if deeper than this, one that does not 
extend below the surface through the first impermeable stratum 
of the earth’s crust. “Shallow” wells may really be deeper than 
some “deep” wells. Thus,a well 15 or 20 feet deep, passing through 
‘@ stiff clay before it reaches the water-bearing stratum, is really 
better than one of twice the depth which penetrates a superficial 

ous stratum only. They are usually sunk into superficial porous 
beds of sand or gravel overlying an impermeable stratum of clay o1 
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dense rock. Superficial wells sometimes receive the subsoil drain- , 
age water from swamps, cesspools, grave-yards, vaults, etc., 
rendering the water unfitfor use. Such water is therefore exposed 
to pollution owing to the presence of the many impurities contain- 
ed in the surface layer of the soil. [Water from such wells is almost 
always unwholesome, and of very suspicious quality. It should never 
be used for drinking purposes without previous purification by 
filtration or preferably by boiling and filtration. The distinction 
between the two (deep and shallow wells) is not very clearly defined, 
but it may be considered generally to depend more on their nature 
than their depth; shallow wells being those which are sunk into a 
superficial bed of drift sand or gravel resting on an impervious 
stratum, and deep wells those which are sunk into the regular 
geological formation, such as chalk, greensand, sandstone, etc. In 
fact, the distinction between shallow wells and deep wells is very 
much the same as that between land springs and main springs,] 
Generally speaking, our rule should be to go deep enough to place 
an impervious stratum between our water-supply and the surface 
of the ground. If we cannot do this, we must go as deep into our 
water-bearing stratum as possible, both because the supply will be 
more plentiful, and because the water itself will have a better chance 
of being purified by its Jonger passage through the soil before it 
reaches the level of the well. (See No. 249.) 


147.— What are the characters of deep well water ” 


The water of deep wells owes its character to the rock forma- 
tions through which 1t has passed, upon which also depend its 
mineral constituents. Asa rule,it is pure ard free from contamina- 
tion from organic matter, even when sunk in the midst of inhabited 
localities if the well has been properly constructed. They may 
however contain nitrogen as nitrites and nitrates. The quality of 
deep well water varies, therefore, in accordance with the nature of 
the geological formations through which the water flows before 
entering the well. The solubility of the component elements of these 
strata by water charged with CO, markedly influences the quality 
of the water. Local experience is generally sufficient to indicate 
what the quality-of the water ought to be. Deep well water is much 
harder than river water. ‘he hardness is chiefly due to lime salts, 
especially the carbonate, held in solution by excess of carbonic acid. 
The water is usually cooler, and contains less organic matter than 

, superficial wells, and even if subsoil water does ffnd its way to it, 
that water has to pass through a greater depth of earth, with the 
result that almost all the organic matter is removed by natural 
filtration. 


148.—TIllustraie by an example the labour expended in the supply- 
ing of a household with well water ? 


Suppose that a family of six persons are supplied with 12 gallons 
each per diem, then 72 gallons has to be daily conveyed to the 
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house. Say the average distance of the well is 50 yards (many are 
200 or 300 yards off) and the depth of the well 30 feet. One gallon 
of water weighs 10]bs-.; 72 gallons, 720 lbs., which raised 30 feet = 
21,600 lbs. The same carried 50 yards or 150 feet = 108,000 Ibs., or 
about 48 foot tons, in all there being about 60 foot tons of labour 
expended. Modern public waterworks aim at altering this by 
providing water at the doors of the inhabitants. 


149.—Upon what does the possibility of obtaining a good and whole- 
some supply from wells depend ? 


Generally speaking, the chance of obtaining a good supply will 
depend upon the nature of the underlying strata, upon the level, and 
upon the site. Wells sunk in superficial sands or gravel beds, 
though yielding a good supply at ordinary times, are very liable 
to have their yield very much lessened in seasons of drought, unless 
they are situated at points considerably below the level of the 
surrounding country, and the same remark applies to wells in the 
chalk districts. On the other hand, wells or borings in the new red 
sandstone and limestone formations usually yield a large and con- 
stant supply, because these permeable rocks are so saturated with 
water that they may be regarded as vast subterranean reservoirs. 


150.— Are deep wells open to this objection ” 


No, because they are generally sunk through an impervious 
stratum, which prevents the infiltration of any surface impurities, 
and at the same time serves to keep down the water in the 
porous strata beneath these wells. The quality of the water will 
depend upon the nature of the geological formation of the local- 
ity. It is also apparent that, in accordance with a well-known 
physical law, itis only necessary to bore through the impervious 
stratum and reachthe water-bearing bed for the water to rise to 
the surface, or to within a short distance of it, so as to be collected 
in a well of ordinary dimensions. Indeed, in certain low-lying dis- 
tricts, where a boring is made at a point considerably below the level 
of the line of infiltration into the water-bearing stratum, the water 
rises above the surface and overflows. Such overflowing wells—or 
artesian wells, as they are called—were once'common in the Valley 
of the Thames, and are still to be met with in the flat lands of Essex 
and in Lincolnshire. 

151.—State briefly the general characters of waters from (a) Springs, 
(0) Superficial wells, (c) Deep wells, (d) Artesian wells’ , 
_ (a) Always much harder than lake or river water, and, as a rule, 
wholesome and palatable. 

(b) Superficial wells are apt to contain organic matter from 
churchyards, cesspools, etc., and also salts, sulphates, and 
carbonates of lime—the latter kept in solution by excess of carbonic 
acid. By an improved system of sub-soil drainage, the waters 
from these wells may be rendered pure and wholesome. 
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(c) Deep wells contain much lime, and are, as a rule, wholesome 
and palatable. Water from wells which are dug deep into the 
ground, or into rock, such as chalk or sandstone, is equal in quality 
to spring water 

(d@) Artesian wells may contain large quantities of the alkaline 
carbonates and sulphate of lime, but us a rule they are wholesome 
and palatable though less aerated than the others. 


152.— Which is the better for domestic purposes, spring and deep 
well water, or upland surface water ? 

Upon this point the Rivers Pollution Commissioners stated ‘ that 
preference should always be given to spring and deep well water for 
purely domestic purposes, over even upland surface water, not only 
on account of the much greater intrinsic chemical purity and palata- 
bility of these waters, but also because their physical qualities 
render therh peculiarly valuable for domestic supply. They are 
almost invariably clear, colourless, transparent, and brilhant— 
qualities which add greatly to their acceptability as beverages; 
whilst their uniformity of temperature throughout the year renders 
them cool and refreshing in summer and prevents them from 
freezing readily in winter. Such waters are of inestimable value 
to communities, and their conversion and utilisation are worthy 
of the greatest efforts of those who have the public health under 
their charge.” 


153.—If wells are to be used, what points should be observed ? 


Special attention should be directly given to the quality of the 
water; and any deep ash-pits, midden-privies, or cesspools near wells 
should be removed and the drains examined. If the water is 
pumped up by means of a torce pump into a cistern, for the purpose 
of supplying the closets, it will generally be found that the cistern 
also supphes the housemaid’s sink. 


154.— What has deen found in regard to stored well water ? 


With reference to the storage of deep well water, it has been 
found in many cases that there is great liability of vegetable growth 
to occur when the water is exposed to air and sunlight, 50 that, if it 
becomes necessary to store the water before distribution, covered 
reservoirs must be used for the purpose, at least, in warm climates. 


155 — Where are deep wells sunk ° 


Deep wells are sunk through impervious strata intv pervious 
strata, the water in the latter being confined by the impervious 


156.— Whether is epring and deep well water, or surface and river 
water, best for domestic aupply ” 


In all cases in which spring and deep well water of good quality 
are available, we recommend that they should be employed in 
preference to surface and river water for domestic supply. 
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157 —Whai special points demand attention in ‘the sinking of 
shallow wells ? 


The yield of shallow wells varies according to season, therefore 
the well must be deep enough to reach the level of the water in times 
of drought. Such a well drains a wide area, and is liable to be 
polluted by any impurity of the soil within a considerable radius of 
its mouth, and as the supply is at best subsoil water, due regard 
must be had to the possibility of pollution at comparatively distant 

oints. it should be lined witl brick and puddled, and the brick 
ining should be broughs a foot or two above the ground so as to 
exclude surface washings by forming a coping. If the soil is 
polluted, or if the water found is impure or insufficient in quantity, 
the boring should be carried through the first impervious stratum 
to other water-bearing strata deeper down. Sometimes the water 
in the deeper strata is under sufficient pressure to make it rise to 
the surface and overflow, forming an “artesian well” or artificial 
spring. The flow in dense strata being slow, each well exhausts a 
considerable area, and the yield of water cannot be greatly in- 
creased by multiple borings. Borings in sandstone or limestone 
give large and constant supplies, owing to the enormous accumula- 
tions of water they contain, but wells in superficial sand or gravel 
beds, or chalk, often fail in dry seasons.* 


158.— What are the varieties of wells, as regards method of using 
the waters thereof ? 


There are three kinds:—(1) pump-wells, (2) draw-wells, and 
(3) dipping-wells. 
159.—A draw-well is sometimes liable to contamination; erplain 
how this pollution occurs. 


The cover is necessarily removeable, and is usually on the same 
level as the surface of the ground. The cover is often left open, 
and small animals, such as dogs, cats, and rats, sometimes fall in; 
and, the occurrence being unknown, the animals decay there and 
contaminate the water, the cause of the consequent illness of the 
persons who drink the water being probably undiscovered. 


160.—Should dipping-wells be used ? 


They should not; a dipping-well, the water of which is used 
for domestic purposes, ought not to be allowed to exist. 


161.—In what ways may dipping-wells be contaminated ? 


Dipping-wells are subject to contamination from many sources. 
The cans, buckets, and pails used are set down in dirty places 
about the house, and the dirt is carried to the well and 
washed off-in the act of dipping. Also, every time anything is 
dipped into the water, the water is stirred up and muddied for the 
mext person who comes. Another source of pollution of an open 
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well-hole is the mischief of children, and where the situation is 
public, this cannot be prevented. These dipping-wells are weak 
springs, and as the overflow of water may probably be frequent, a 
-cattle-trough may be so placed as to receive the overflow; in public 
places this is of great use. 


162 .— Should the openings of the mouth of a well be always closed ? 


Kvery opening should be completely closed, except one for 
ventilation, which should be protected by a hood, so that it cannot 
be reached, and another for the overflow of water, which should 
likewise be shielded, the water being drawn by means of a pump. 


163.—Are frve Ns and chlorides in deep well water always indi- 
cative of dangerous impurity ° 


Deep wells often show a large amount of free ammonia and 
chlorides without necessarily dicate pollution ; but the same 
amounts in a shallow well would point to probable sewage pollution, 
or at least to the presence of urine. 


164.—F'rom what strata are the largest supplies of deep well 
water obtained ° 


In England they are obtained from the chalk, oolite, and new 
red sandstone stratu. 


165.—Upon what docs the nature and amount of mineral matter in 
springs and wells depend ” 


They: are determined by the soluble constituents of the vari- 
ous strata through which the water has passed, and the organic 
impurities are regulated by the facilities for pollution in the 
superficial soil and the completeness of purification by filtration 
lower down. Hence the water in shallow wells, especially if 
situated near dwellings or manured lands, is hable to contain 
much organic matter washed from the soil, with or without partial 
oxidation into nitrates or nitrites; and also chlorides which usually 
accompany organic impurities of sewage origin. 


166.— What is the extent of ground drained by a well ? 


A well drains an extent of ground about it in the shape of an 
inverted cone. The area must depend on the soil; but the experi- 
ments at Grenelle and Passy show that the radius of the area 
drained is equal to four times the depth at least; and that it often 
exceeds this. Professor Ansted states that the deepest (non- 
Artesian) well will not drain a cone which is more than half a mile 
in radius. The distance through which the hollow inverted cone 
will extend or make itself felt will vary according to the greater 
by less porosity of the soil, and may extend to from 15 to 160 
limes the depth of the cone. More recent investigation has shown 
that the surface of the underground water in the area of the circle 
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drained by a well depressed by pumping, has the form of a curve,. 
analogous to the natural curve of the underground water, with steep 
vertical gradient near the well, but rapidly becoming more nearly | 
horizontal as the distance from the well increares. This distance 
the radius of the circle drained by the well—is best expressed 
in terms of the depression. In fine sands and gravels, which 
offer considerable resistance to the passage of water, the distance 
varies from 15 to 39 times the depression. When, however, 
the amount of water abstracted is sufficiently great to cause 
a considerable depression of the water in the well, the con- 
ditions are altered; forthe well then drains an area all around 
it in the form of a circle, that is to say, the water in the 
well is renewed not only from above—as regards the flow of under- 
ground water—but from below; and in such a caseit would not 
matter what position the well had to the cesspool, if the cesspool 
was included in the area drained by the well, for pollution must 
inevitably occwr. The distance within which a well draws water to 
itself, when its own water level has been depressed by pumping, 
oe on the amount of the depression and on the nature of 
the soil. 


167.— Explain the method by which pumping increases the liability 
to pollution 7 


If the level of the water in a shallow well be reduced by pump- 
ing, say 2 feet, water will be aspirated into the well froma distance 
of 15x 2= 30 feetasa minimum, to 160) x2 = 320 feet as a maximum. 
The set or current of the underground water in the neighbour- 
hood of a pumped well must, indeed, always be towards the well ; 
and it is by the suction exerted on cesspools situated in proximity 
to wells that they are emptied when these are pumped. 


A shallow or surfece well sunk into the porous soil will draw 
no water until it reaches the stratum of underground water. Into 
this the liquid soaking from leaky sewers, drains, and cesspits will 
find its way more readily than the surface water. 


1€8.—At what depth will water be reached in a clay basin ? 


If the surface of the clay basin i3 very irregular, a3 is commonly 
the case, it is impossible to predict at what depth the water will be 
reached or at what level it will permanently stand. 


Theoretically, it may be inferred that the superincumbent 
stratum of sand or gravel is situated below the level of the lowest 
point at which the water can escape from the clay basin. 


169.— How may the yicld of wells be ascertained ? 


The yields of wells can only be known by pumping out the: 
water to a certain level and noticing the length of time required for’ 
refilling to the original level—the superficial area of the trans- 
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verse section of the wells having been previously ascertained. In 
cases of copious flow of water a steam-engine is necessary to make 
any impression,; but, in other cases, pumping by hand or horse 
labour may be sufficient perceptibly to depress the water, and then, 
if the quantity taken out be measured, and the time taken for 
re-filling the well be noted, an approximate estimate can be formed 
of the yield. ; 


170.— What is the effect of pumping water from wells ” 


The pumping of water from the well causes the lowering of the 
natural water level, and if the pumping be regulated so as to keep 
the level of the water in the well at a certain fixed point, the ground- 
water in the neighbourhood of the well also assumes a constant 
level. The influence of the pumping will be felt in all directions. 
The distance to which the measurable influence of the pumping is 
felt, in any case, depends, other things being equal, upon the 
character of the water-bearing deposit The more u well is pumped 
the greater its liability to contamination from neighbouring sources 
of pollution. 


171.-— How is the subsoil water related to a well ” 


Around a well, the surface of the ground-water in the soil will 
be found to take the form of a hollow invertea cone, with its apex at 
the Jevel of the water, in the well, the base of the cone merging 
imperceptibly in the general level of the adjacent ground-water. 


172.—What is the direction of the movement of the underground 
water ” 


Generally in the direction of the sea, or the nearest water- 
course. 


173.— What is the depth of the wurderground water ? 
It varies from 2 or 3 feet to several hundreds. 


174.—How does pumping water from a well affect the position of 
the subsoil water in relation to the water ” 


When the wellis pumped, the apex of the cone wiil be depress- 
ed, and the area of its base will be extended—the cone becoming 
flattened out as it were. 


178.— What effect has this on the drainage area ef the well ? 


The drainage area of the well wiil thus be increased, and if 
there be any cesspool, pervious sewer, Or leaky drain within the 
area of the cone, the polluting liquids will be drawn into the well 
by suction. Hence, the great danger attendant on the use of 
shallow wells, and all wells sunk into pervious soils only. When 
much water is removed from a superficial well, the level of the 
water in it descends below that of the subsoil or ground water. 
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The subsoil water now directly feeds the well and flows towards it 
in such a way, that the area of soil draining its water into the well 
forms a sort of pyramid with the apex downwards, the apex corre- 
sponding in size with the calibre of the well itself. The result is 
that all the soil that is embraced in the area covered by the base of 
the pyramid drains its water into the well. Further, the impurities 
of any foul ponds, and filth deposits within its reach, are washed 
into the well. In the case of some wells the larger the quantity of 
water drawn from them the larger the base of the drained area, the 
greater the amount of subsoil water drained into the well. [The 
area of soil drained by a well, roughly corresponds to a circle, the 
centre of which is the well itself, and the radii from four to eight 
up to 160 times the depth of the well. In some cases, however, the 
area drained is considerably greater than this, the diameter of the 
drained area being 200 yards or more. It will thus be seen that no 
source of pollution should be permitted to exist within 100 feet of a 
well, and even this distance is, in many cases, insufficient to prevent 
contamination. For a well to afford a permanently wholesome 
water, it must be sunk below the first impermeable geological stra- 
tum, and be fed by the subterranean lake that exists there. ‘This 
deep supply is rarely reached at a depth Jess than 50 feet. The area 
of surface drained by wells is not a question without its difficulties. 
It has been stated as a circle, the radius of which is several times 
the depth of the well; but this appears to be a grave under-state- 
ment of the case, if we look to the evidence which has been obtained 
from the effects of pumping upon distant wells, or the way in which 
wells have sometimes been drained by outflows of water at distant 
lower levels. On these -points one or two remarks may here be 
made. A well in u gravel and sandy soil in South Hampshire was 
found to be drained dry in consequence of an outflow of water in a 
gravel-pit dug a considerable distance off. The difference of level 
between the higher point (that is, the bottom of the well) and the 
Jower (the outflow at the gravel-pit) was 21} feet—the distance 
between the two, 1,720 feet; so that the area drained hed a radius 
equal to 80 times the depth, here represented by the fall or difference 
in level between the two points. In this case the loss of water was 
obviated by deepening the well about 10 feet. } 


176.— How does the taking of water from the wnderground supply 
resemble the taking of water froma pond or lake ? 


Suppose that we have a lake or pond, gencrally situated in a 
valley, with no considerable visible inlet, and yet from which expe- 
rience has shown that a certain number of gallons daily can be 
withdrawn without affecting its level; if this lake be now filled 
with sand and gravel, we can still pump the same daily quantum 
(even more, owing to lessened evaporation); but, owing to the 
resistance of the material, the level of the water does not equalize 
itself at once, although, if the pumping cease, the water in the well 
soon rises to the normal level of the ground water. 
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177.—Give the results of the analyses of shallow wells by the Rivers 
Pollution Commissioners ?* 

In 1868 they analysed a large number of waters from shallow 
wells with the following results :— 

1. Waters from shallow wells in or upon Silurian Rocks and 
Gneiss.—Solids 2:4 to 70'1 grains per gallon; average 16°7 grains. 
Hardness 29-4 to 29°91; average 7°'5. 

2, Waters from shallow wells in Devonian Rocks.—Solids 8°5 
ren grains ; average 27'5 grains. Hardness 3°°5 to 39°; average 

3. Waters from shallow wells on the Yoredale and Millstone 
Grits.—Solids 4°] to 93°5 grains per gallon; average 35°1 grains. 
Hardness 2° to 63° ; average 22° 1. . 

4, Water from shallow wells in the Coal measures :—Solids 
6°6 to 154°6 grains per gallon; average 48 grains. Ilardness 2°-+ to 
98°°6; average 24° 4. 

5. Waters from shallow wells in or on Mountains Limestone 
and Magnesian Limestone.—Solids 32'l to 762 grains per gallon ; 
average 00-4 ¢rains. Hardness 28°'o to 62° ; average 40°-9, 

6. Water from shallow wells in or on New Ked Sandstone.— 
Solids 144 t0 1681 grains per gallon; average 71°1 grains. Hard- 
ness 12° to 89°; average 34°'5. 

7. Water from shallow wells in or upon the Lias.—Solids 26 
to 2149-8. Hardness 1° 9 to 819 8, average 30° 8. 

8. Waters from shallow wells in or on the Oolite.—Solids . 
21°7 to 1887 grains per gallon; average 64 grams. Hardness 
16°'1 to 55° 2; average 32° 4. ‘ 

9. Waters from shallow wells in or onthe Upper and Lower 
Greensand and Wealden Beds.—Solids 7 4 to 266 8 grains ; average 
00 grains. Hardness 2°°7 to 5694, average 19°°7. 

10. Waters from shallow wells in or on the Chalk —Solids 
22°7 to lll'4 grains per gallon; average 55°6 grains. Hardness 
16°°7 to 50°; average 30°°S. 

11. Weters from shallow wells in Gravel on the London 
Clay.—Solids 22°3 to 2776 grains per gallon; average 71:2 grains. 
Hardness 10° to 133° 7; average 356, 

12. Waters from shallow wells in Bagshat Beds.—Solids 16°2 
to 200°8 grains per gallon; average 82°2 grains. Hardness 9°°2 to 
92°°2; average 38°°5. 

13. Water from shallow wells in Fluvio—Marine Series.— 
*Solids 57 to 46°3 grains per gallon; average 19°] grains. Hard- 
ness 3°92 to 2595; average 10°'8. 

14. Waters from shallow wells in Alluvium and Gravel.— 
Solids 20 to 2245 grains per gallon; average 69°6 grains. Hard- 
ness 3°'2 to 106°°7; average 33°. 





*First Report of the Rivera Pollution Commissioners, 1868. 


» 
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178.—Do all shallow wells get their supply from the ground water ? 


They do not; there are certain shallow wells which do not draw 
their supply from the ground water, properly speaking, but are sunk 
BO as to intercept the water flowing through a rocky fissure, or are 
sunk into the rock so as toform a collecting basin or reservoir. 
Such wells are in some respects even more liable to contamination 
than the wells sunk into the ground work, for, in the pores or 
interstices of a gravelly soil, there is a continually changing body 
of air which affords more or less opportunity for the oxidation of 
the organic matters, so that the process of rendering the well unfit 
for use is a gradual one; and often a well will turnish good water 
for a long time and then become suddenly bad—suddenly, it seems 
to those who have not been aware of the progress of the pollution. 
On the other hand, a well which 1s sunk into the rock may receive 
from a considerable distance sewage-matter which has found its 
way almost directly into the well along the surface of the rock, or 
through some fissure. 


179.—What is the chief objection to shallow wells as a source of 
drinking water ” 


The main objection is on account of their liability to contamina- 
tion from surface drainage and subsoil impurities. 


180.— Nome another disadvantage of surface wells ” 


Surface wells often dry up in summer time owing to their 
being dependent on the sulsoil for their water supply. 


181.— When sewage is discharged tn excessive quantities on the sur- 
Face of a porous soil, what becomen of tt 7 


It quickly percolates through this until it meeta with an im- 
pervious stratum which arrests its downward course. 


182.—Can you mention any apecific instance of epidemic disease 
that was traced to the effects uf pumping water from wells ? 


Some years ago the town of Croydon in Surrey was visited by 
an epidemic of typhoid fever, which was traced to the water deriv- 
edfrom deep wells. Mr. Baldwin Lathum made observations which 
showed that when the pumps were worked, the level of the ground 
water was lowered, and sewage was sucked out of the sewers, pass- 
ing, as he alleged, into the wells supplying Croydon. 


183.—Dors change in the level of the subsoil water affect the purity 
of well water ¢ 


It does; Sir George Buchanan has pointed out thut the 
urity of water in wells is liable to be affected by changes in the 
evel of the ground water, and the readiness with which enteric 

fever is spread by means of specifically polluted water in this way 
nas been proved and should not be lost sight of. 
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184.— Does a shallow well water act on lead ? 


It does so most actively ; polluted shallow well waters have been 
known to have a set powerful and persistent solvent action on 
lead, probably from their containing excess of carbonic acid, which 
tends to dissolve the coating of carbonate of lead formed in the pipe 
or cistern. The chlorides, nitrates and nitrites in such water have 
likewise powerful plumbo-solvent properties. 


188.—On the whole then should shallow wells be wsed as sources of 
supply 7 
They should not; shallow wells should, if possible, be avoided as 
sources of water-supply. ‘They are very prone to be contaminated 
with organic filth, derived from the soakage of sewage and slop-water 
into a porous soil. 


186.—From its origin what may be said of shallow well waters ” 


That the water of shallow wells is exceedingly liable to con- 
tract impuritics, through surface drainage passing into them. 
Matterg derived from soils, vegetable and animal products, often 
contaminate such waters and when shallow wells are situated near 
human habitations, there is more than ordinary risk of serious 
pollution from sewage matters taking place. 


187.—What is the cause of the difference in the depth of surface 
wells given by different authorities ° 


Some authorities place the depth of surface wells at 15 to 30 
or even more feet. It may be more correct to state that surface . 
wells get their supply from the subsoil water or above the first 
impermeable layer of the earth’s crust. 


188.—Are not surface wells and cesspouls sometimes constructed ° 
adjacent to one another ? 


They frequently are; commonly one hole is dug in the garden 
for a well, and another fcr a cesspool, while there is possibly a 
farmyard near at hand—the soakage from the cesspool and farmyard 
being direct into the well. In fact, the sinking of a pump-well into 
the same stratum as contains a cesspool 1s like using the same 
river as a carrier of sewage and a source of water-supply. The 
intimate connection between wells sunk into the same water-bearing 
stratum is readily proved; for, by the opening of new wells, there is 
often effected a very considerable diminutiog of the supply 
’ furnished by the older wells. 


189.—Under what exceptional circumstances may a surface well be 
used ° 


If a surface well is ever to be constructed and used, it should be 
in a field or open space, remote from habitations and their surround-. 
ings, and in a place where soakage from cesspools is impossible, and 
when no other source of supply 1s reasonably accessible. 
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190.— What are the chief forms of impurities in shallow well waters ? 


Surface or shallow well waters, though sometimes compara- 
tively pure, frequently contain a large amount of organic matter de- 
rived from draining the organic and mineral matters around houses. 
The water in them frequently becomes contaminated by foul mat- 
ters from leaky sewers, cesspools, ctc., especially in porous soils 


191.—Through what are most surface wells sunk ? 


Most surface wells are sunk into a bed of sand or gravel rest- 
ing upon an impermeable stratum of clay. 


192.— Where are wells suitable as sources of supply ? 


In large isolated buildings, such as lunatic asylums, workhouses, 
prisons and isolated mansions, they usually supply the whole of the 
water required. In selecting a site in the country for any such 
building, the possibility of obtaining the requisite supply, and the 
cost at which it can be produced, are points of the first importance. 


193.—Are wells always reliable for this purpose ? 


By no means. If a deep well is properly steined, and the joints 
and lining impermeable, the subsoil water level may be much higher 
than the lower limit of the steining, and though the water will be 
forced into the well above this lower limit ofthe steining,the pressure 
will, as a rule, fall short of causing it toreach the exact height of the 
subsoil water level; and in the case of a deep well sunk through 
rock, or a bed of clay, no subsoil water reaches the well at all if it is 
properly steined. 


194.— What hinds of pups are in use 7 


There are two kinds of pumps in use—the ordinary suction 
pump and the forcing pump. The former will answer the purpose 
so long as the distance the water has to be raised does not exceed 
from 30 to 33 feet ; in fact, as a rule, taking imperfection of mechan- 
ism into account, 25 feet may be looked upon as the limit. In the 
case of deeper wells it is necessary to fix the more elaborate and 
expensive forcing pumps ; hence it 1s that in practice one so often 
finds open wells with a bucket and windlass for raising water. 


195.— What may le said against the use of the bucket and wind- 
lass ? 


With these the danger of surface of pollution is increased, 
and if the arrangement be allowed to continue, asin the case of ; 
small cottages probably it will, the greatest care must be taken 
to see that the top of the well is so situated with regard to the sur- 
face as‘ not to permit of drainage intoit. A good fitting cover 
ought to be insisted upon, otherwise dead leaves and other decay- 
ing matter will find their way into the well.* 

*For a full and simple description of the Construction of Pumps see Well. 
Sinking, WzaLe’s Rudimentary Series. 
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196.— What is the theory of the, use of the pump for raising well 
water | 


The pressure or gravity of the atmosphere being equal to a 
column of water 34 feet in height, is the means or principle on 
which rests the utility of the common pump, also of the syphon, 
and all other such hydraulic applications. In a pump the internal 
pressure on the surface of the liquid is removed by the action of 
the bucket, and as by degrees the density becomes lessened, so 
the water rises by the external pressure to the above-named 
height ; and at such height it will remain, unless by some derange- 
ment of construction taking place, the atmospheric fluid is allowed 
to enter and displace the liquid column, But if the temperature 
of the water or the liquid be so elevated that steam or vapour 
arises from it, then the action of the pump will be wholly or par- 
tially destroyed according to the density of the vapour, and the 
only way to proceed in such cases is to place the working bucket 
beneath the surface of the liquid which is required to be raised. 


197.—How should the pump be placed in the well ? 


The pump should be wholly enclosed within the well, and a 
horizontal shaft or spindle should traverse the well from wall to 
wall, carrying upon it an arm to work the pump-bucket, having 
only its end projecting through the wall, upon which is fitted a 
simple lever or handle 18 inches or so in length. Being wholly 
wiciceed or bricked up, the pump barrel should be lined with brass 
or gun metal, well cat truly fitted in every respect, so as to prevent 
the need of frequent repairs, which is a too common need ot many 
pumps. 


198 —LHHow are wells used as filth reservoirs ? 


Suppose we have a well in which the water rises just to the 
surface of the ground, but does not overflow, and that if 100 gallons 
per minute be pumped regularly, the water-level is lowered a dis- 
tance of five fect; the same well may be made to absorb 100 
gallons per minute by extending the tubing five feet above the 
normal water level, When the natural level of the water is much 
below the surface of the ground, an enormous amount of liquid 
may be disposed of for an indefinite time, provided the refuse be 
not of such a nature as to clog the pores of the absorbing stratum 
into which the liquid finds its way, or srovided® the well is fre- 

uently cleaned. ‘There is a well of this kind at Bondy, near 
Paris, which is 74 metres in depth. Such a method of disposing 
of refuse should not be allowed, unless it is absolutely certain that 
the stratum into which the water finds its way carries naturally 
water which is totally unfit for use, and which will never be called 
upon for water-supply, and unless, further, there is security that 
the well does not pass through strata which contain water fit for 
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use. It is well known that itis very difficult to prevent the leak- 
age of the water which rises in artesian wells into the upper strata, 
and this leakage otten causes a very considerable diminution of the 
amount of water which would otherwise reach the surface. 


199.— What subsoil formations give sparkle to water and improve 
tls quality ? 
Chalk formations, oolites, greensand, and new red sand- 
* stone. 
200.—Upon what does the depth of a deep well depend ” 


The depth of the well must, of course, vary with the vertical 
distance of the impermeable stratum from the surface of the earth ; 
as a rule, this distance is not great, and in fact it is often said that 
shallow wells are those which are less than fifty feet deep and 
deep wells those that are greater than 50 feet in depth; but it is 
better to keep to the definition here given. 

a should be observed in making a surface 
well 7 

They are as follow :—In the first place, the spot selected for 
a surface well ought to be as far removed from all sources of pollu- 
tion as possible, and in the opposite direction tothe natural fall, 
8O as to tap the water previous to its reaching the polluting source, 
and not after it has travelled past it. The importance of this will 
be understood from the description already given of the course 
that the subsoil water takes. In addition to this, the lining of the 
well must be so constructed as to be quite impervious to soakage 
from the surface immediately surrounding it. 


In place of the brick work or masonry being loosely laid around 
it, which is the usual practice, it ought to be set in cement down to 
the water Jevel, and as an additional precaution, it is well to inter- 
pose a layer of puddled clay ail round, between the brick work and 
the adjoining soil. Every well ought to be provided with a pump, 
and be covered over by means of stone slabs, carefully adjusted and 
sealed with cement. By reason of such precautions, 1s that in place 
of entering the well direct, all surface water must percolate through 
the intervening stratum, and, in doing so, become more or less 
purified. 

202.—lIs the quality of cement used in well-making of importance ? 


It is; the quality of cement used is very important, the best‘ 
Portland cement being alone admissible for this, as for all sanitary 
‘work. The proportions of added sand ought, for this particular 

se, to be two of sand to one of cement, and the sand and cement 
ought to be thoroughly well mixed before the water is added. The 
sand selected must be clean and fine, and quite free from any dirt or 
lay, otherwise the cement will not set. Builders and workmen 
require careful watching as regards these points. 
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203.— Jf pollution of well water 1s suspected, what course should be 
adopted ? é 

In all cases in which well pollution is suspected, it is advisa- 

ble to open the well in order to ascertain whether there is any 

evidence of the penetration of sewage matter above the water level. 

If such be the case at one point or another, the brickwork, in place 

of presenting a clean, red surface, will be discoloured in a manner 

which, when once seen, will never be mistaken. Apart from this 

itis highly desirable that wells should be opened periodically for 

the purpose of being cleansed, as, however well constructed they 
may be with lime, impurity may arise. 


204.— If steining wells with bricks, how are they laid and jointed ¢ 


In steining wells the bricks are laid flat, and are arranged to 
break-joint. In 9-inch work they are laid all as headers; and in 
14-inch work there is generally an inner ring of the usual 9-inch 
work, all headers, and an outer ring of 44-inch work, all stretchers. 
In wells up to 9 feet in diameter, J-inch work is generally sufficient, 
and 14-inch work may: be adopted up to 14 feet diameter. If the 
ground is bad or loose a half-brick extra should be added. 


205.— What conditions are wbsoluicly necessary to make wells safe 
as sources of supply ¢ 


Wells can never be considered safe, unless they are sunk 
through an impervious bed of soil into a porous stratum beneath, 
and are well cemented down to the clayey stratum. For precisely 
the same reasons as are stated above, it is equally necessary, in the 
case of deep wells, to protect the surface by carrying the impervious 
brickwork down as far as the impervious stratum. 

{Wells which do not conform to this rule are too abundant iu 
most rural districts, and are fertile sources of mischief. | 


206.—Is water always found beneath the first impervious stratum 7 


It is not infrequently found, that when the impervious stratum 
is penetrated, the water, previously abundant, is lost; and then 
the only plan is to carry the well downwards till at a greater 


andl 


depth water is again found... ~~ 


207 .— What precautions ought to be taken in obtaining water-supply 
from wells in proximity to dwellings ? 


That the wellshould be sunk to sucha depth ag to reach a water- 
bearing strata. Its construction should be the most perfect, 
thoroughly impervious to external or internal percolation. The great- 
est care should be exercised in seeing that all drains are properly 
constructed, and if in near proximity, bedded in cement concrete. 
All possible sources of contamination, such as dung-heaps, earth- 
closets, privies, ash-pits, etc., should be dealt with as laid down in 
the new Model Bye-laws of the Local Government Board, and the 
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rainfall and surface water generally, carried off, so that by no pos- 
sible means could it find its way into the well. 


208.— What is the reason that ignorant people do not often construct 
deep wells ? 


Because abundance of water is often reached before the first im- 
pervious stratum of soil is penetrated, and at a small depth—they 
tap the subsoil water. 


209.—How are shallow wells usually brought into existence ” 


“In the little yard or garden attached to each tenement, or pair 
of tenements, two holes are dug inthe porous soil; into one of 
these, usually the shallower of the two, all the filthy hquids of the 
house are discharged; from the other, which is sunk below the 
water line of the porous stratum, the water for drinking and other 
domestic purposes is pumped. The two holes are not unfrequently 
within 12 feet of each other, and sometimes even closer. The con- 
tents of the filth hole, or cesspool, gradually soak away through the 
surrounding soil, and mingle with water below. As tke contents 
of the water hole, or well, are pumped out, they are immediately 
replenished from the surrounding disgusting mixture, and it is not, 
therefore, very surprising to be assured that such a well does not 
become dry even in summer. Unfortunately, excrementitious liquids, 
especially after they have soaked through a few feet of porous soil, 
do not impair the palatability of the water ; and this polluted liquid 
is consumed from year to year, without a suspicion of its character, 
until the cesspool and well receive infected sewage, and then an out- 
break of epidemic disease compels attention to the polluted water. 
Indeed, our acquaintance with a very large proportion of this class 
of potable waters has been made in consequence of the occurrence 
of severe attack of typhoid fever amongst the persons using them.” 


210.—How may wells in villages become polluted ? 


From sewers, drains, dung-heaps, ash-pits, water-closets, privies, 
or other accumulation of noxious refuse or liquids being in too close 
proximity to the wells. In villages wells are frequently placed in 
the garden, and the annual manuring has been found to be the 
cause of pollution. The water may be perfectly clear to the sight, 
but contain a large percentage of nitrates or filtered sewage, causing 
enteric fever, diarrhoea, etc. Other sources of pollution are— 
proximity to graveyards, byres, stables and houses. 


211.—In genera terms state how pollution of wells may be pre- 
vented. 


To prevent pollution, wells should be piaced clear of all build- 
ings, out-houses, drains, cesspools, etc., they should be of sufficient 
depth, and lined inside with cement to a depth of at least 30 feet. 
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212.—Enumerate the general sources of contamination of well 
water. 


(1), Privy cesspools which are not water-tight and from which 
rain-water is not excluded ; (2), soakage of the tap-water into the 
ound and thence into the wells, conveying with it refuse matter 
‘rom the surface ; (3), house-drains which lie near the well, and 
which allow the house slops to percolate through the joints into 
the surrounding ground, from which they gradually soak into the 
well; and (4), unless the drain consists of pipes closely jointed, rats 
are a frequent cause of contamination of wells near which house- 
drains lie, for rats seem to have a peculiar instinct in finding their 
way through the ground direct to water, and, although the water in 
the well may be out of their reach, it is possible that 1n their efforts 
to reach it some of them drop in; but, even if that should not be 
so, refuse lhquids may find their way through the holes they make 
from the drain to the well. 


2313.— When shallow wells are sunk into an alluvial, gravelly soil, 
un the immediate proximity of a river, how may they be 
polluted ? 


They may become contaminated with filth carried laterally to 
great distances, owing to the ‘ set’ of the ground-water in a parti- 
cular direction, generally towards the bed of a river or nearest 
outfall. Such underground streams are by no means uncommon, 
and, when pure, form uniform and excellent supplies, such as those 
which have furnished water to Dresden. 


214.—Do the characters of well waters vary ? 


They do very considcrably. Thus the water from deep wells and 
springs varies according to the geological strata through which it 
asses. Alluvial waters are more or less impure containing a 
arge amount of salts (20 to 120 grains per gallon) and often much 
organic matter; while chalk waters are clear, wholesome, and 
sparkling, holding in solution a considerable amount of calcium 
carbonate besides other salts, and are largely impregnated with 
carbonic acid; they are also wholesome and agreeable to the taste, 
but not very suitable for cooking purposes. 


215.—Are wells important as sources of supply ? 


They are; in 1876 it was said twelve millions of the country 
population derived their water almost exclusively from shallow wells, 
and these are, so far as our experience extends, almost always hor- 
ribly polluted by sewage and by the animal matters of the most 
disgusting origin. The common practice in villages, and even in 
many small towns, is to dispose of the sewage and provide for the 
water supply of each cottage, or pair of cottages, upon the same 
premises. 
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216.— What is the essential origin of deep wells ? 
Deep wells are derived from subterranean springs. 


217.— What thenis the essential condition necessary for the construc= 
tion of deep wells to yield a good supply ¢ 


That they be sunk through impervious strats into pervious 
strata, the water in the latter being confined by :mpervious strata. 
[Superficial wells tap the underground water field up by the im- 
permeable stratum, and yield a water identical in composition with 
that flowing from the “ land ” springs in the neighbourhood ] 


218.— What then is the only real protection in the construction of 
a well ? 

To sink the well through the first impervious layer of soil, 
and to cement the sides throughout to a point below the impervious 
stratum, so as to draw water trom the deeper strata, and to protect: 
this water from the more superficial polluted surface water. 


219.—Is the source of deep well water on the confines of the well 
itself ? 

By no means ; the water which supplhes deep wells has usually 
travelled a comparatively long distance since it fell as rain on the 
suriace of the earth. The outcrop of the water-bearing strata on 
the surface may be many miles from the spot at which the well is 
sunk, as 1s the case with the deep wells in the chalk stratum sunk 
through the London basin. 


220.— Why are wells more expensive thun springs ” 


Because the water has mostly to be raised by human, animal 
or steam power. Artesian wells, so-called, are artificial springs 
which although initially very expensive in their construction are 
ultimately moreec onomical and yield hygienically unobjectionable 
water. 

221.—Supposing the original source of deep well water to be pure 
and wholesome ; how may it be kept so in the well itself ? 


By properly steining the sides of the well with brickwork set in 
cement as far down as the first impermeable stratum ; by this means 
surface water and underground water resting on this stratum are 
entirely excluded, and the well is freed from those sources of 

ollution which so greatly contaminate shallow well waters. Stein- 
ing should also be applied to deep wells sunk through porous strata 
for the whole of their depth; in this way surface pollutions are' 
compelled to pass through considerable thicknesses of soil before 
eeaching the well and are therefore well filtered. 


222.— What te the original source of the water of wells and springs ? 


The water of all wells and springs is derived from rain. The 
rain-water percolates through various surface soils until stopped by 
an impermeable stratum of clay ora Iayer of rock. In the imper- 
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meable strata the water collects, rendering them water-logged np 
to a certain level, the line of this water-logging corresponding wit 
the lowest level of the natural outlet through which the subter- 
raneal water is escaping to rivers, streams, etc. Beneath the soil, 
then, we have an extensive subterranean reservoir, and it is this 
reservoir that is tapped when a deep well is sunk through stiff clay 
or rock. The source of the water in deep wells is thus the same as 
that of springs, aud the composition of the water in wells will be 
very much the same as that of the spring-water derived from the 
same strata. 

223.—How ia the relation between the supply of shallow wells, dis- 

ease, and low ground-water, expluined ” 

Some explain it by stating that itis due tothe greater con- 
centration of the impurities in consequence of decreased sa ped 
that there is decreased fluctuation when the ground-water is low, 
and this decreased motion of water is associated with stagnation, 
and stagnation with deterioration. In reality, however, this 1s an 
erroneous view, for analysis has proved the waterg at such periods 
to be purer than when the level of the ground-water is high. 

224.—If uw well is properly steined, is the water rendered perma- 
nently wholesome ? 

It is not: lining the upper part of a well with cement does not 
permanently prevent the access of subsoil waterimpurities. The soil 
around the well may act efficiently asa filtering medium for a 
time, but eventually its powers in this respect like those of all other 
filtering media, become exhausted, and when thus stage is reached, 
all the soil surrounding the well is contaminated. ‘The result then 
is, that instead of removing the impurities of ordinary subsoil water, 


it adds further to them, by giving up some of those which it had 
previously removed. 


225.-- What is the usual source of contamination of wells in country 
places ” 

The neighbouring cesspits—a cesspool often literally emptying 
itself into the well. In the case of deep wells and springs there is 
less likehhood of contamination than in the case of shallow wells. 
The chiet danger arises from surface drainage, the likelihood of 
which can generally be estimated from an inspection of the sur- 
roundings and from which the wells can generally be protected. 

226.—What are the advantages of deep over superficial wells ? 

As arule they yicld purer water ; the wateris cooler, there is a 
thicker layer of goil for any contaminating agents to be filtered 
through, and so there is more complete destruction of any organic 
matter, 


227 .—To whet extent may a wall be polluted if situated close to a 
cemetery ? 

“The degree to which the purity of neighbouring wells is 

endangered by a cemetery, and the distance to which contamination 
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may extend, obviously depend in each particular case upon the 
relative elevation of the respective sites of cemetery and well, and 
upon the nature and dip of the intervening strata, so that it would 
seem impossible to lay down a general rule for all cases. Fissured 
rocks might allow foul matters to traverse considerable distances, 
while the interposition of a bed of clay or a water-tight fault would 
shut them off, or the passage through an aerated stratum of finely 
divided earth would oxidise and destroy them on their way. A 
dangerous state of things is when graves and wells are sunk near 
together in a shallow superficial water-bearing stratum of loosely 
porous nature resting on impervious clay. From experiments made 
at Dresden by Professor Fleck it would seem that the degree to 
which wells so situated are liable to pollution is greater when the 
surface of the subsequent clay bed is horizontal than when it is 
sloping, even though the slope be towards the well. In the latter 
case ‘ie ground-water is on the move; in the former it is stagnant, 
and hence the foul matters are concentrated ina smaller volume of 
water; just as the water of a stagnant pool is more liable to become 
foul than that of a running stream. It does not appear, however, 
that the risk to which wells are exposed from, the proximity of a 
properly managed cemetery is in ordinary cases great. A leaky 
cesspool is afar greater source of danger than a grave. The solid 
and liquid excretions voided by a human being in the course of a year 
amount to several times the weight of his body. 


‘The State Board of Health of Massachusetts... give a series 
of analyses of water from wells in the neighbourhood of cemeteries. 
Of seven wells in sandy and gravelly soil, varying in depth from 4 to 
17 feet, situated at distances respectively of 60, 50, 10, 100, 200, 75, 
and 100 feet from the nearest grave, and having no other sources of 
contamination at hand, one only showed undoubted evidence of 
contamination ; this was 10 feet from the nearest grave, the most 
recent interment, made five and a half months before, being 35 feet 
distant; the three purest wells were those at 60, 50, and 75 feet 
distance. The chemical characters by which it may be inferred that 
the contamination of a particular water is derived from decom- 
posing bodies rather than from sewage, are a high proportion of 
nitrogenous organic matter and ammonia, or if oxidation have pro- 
ceeded further, of nitrates and nitrites, relatively to the amount of 
chlorides present, and also the presence in notable quantity of 
phosphates.* Outbreaks of diarrhoea are very liable to occur if the 
water become contaminated with the animal organic matter from 


the graveyard.” 
228.— What are the characters of water from wells sunk in grave- 
yards 


Water from grave yards contains—ammonium and calcium 
nitrites and nitrates, and sometimes fatty acids, and much organic 


un tasued by the L. G. B, in 1880. 
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matter. Lefort found a well of water at St. Didier, more than 
330 feet from a cemetery, to be largely contaminated with ammonia- 
cal salts and an organic matter which was left on evaporation. The 


_water was clear at first, but had a vapid taste, and speedily 


became putrid. The water from old graveyards (disused) may 
show less organic matter, but it will contain large quantities 
of nitrates, chlorides, etc.* 


229. —How may the yield of wells situated near a river be increased ? 


In the case of wells near rivers yielding an insufficient supply, 
it has been recommended to lay perforated earthenware pipes 
parallel to the river, and below its fine-weather level, in trenches not 
less than 6 feet deep, and filled up above the pipes with fine gravel. 
The pipes end in the well, and water passing from the river, and 
filtered through the gravel, passes into them. 


230.— What is the course of underground water ? 


Precisely the same as that of surface-water—towards the lowest 
available outlet level; only the slope or declivity of underground is 
less steep than that of surface-water, in consequence of the greater 
retarding influence of friction in its passage through the subsoil. 


231.—May wells divert the course of the subsoil water ? 


They may; the action of wells in use may sometimes greatly 
divert the course of underground water, which, but for the in- 
fluence of wells, would always be towards a Jower level or towards 
@ stream. 


232.—Should two wells sunk in proximity to one another be of the 
same quality as to purity ? 


As nrulethey should. .\-well water sunk near a house, showing 
a vast difference in composition from a neighbouring well tolerably 
pure sunk at the same depth in the same soil, must be looked on 
with suspicion. 


233.— How may we expluin serrage contamination in deep wells ? 


Deep wells, when protected from surface drainage in their 
upper parts, are but rarely polluted, even when situated in the 
centre af towns. But it does occasionally happets, that liquid soak- 
age from sewers or cesspools finds its way into fissures in chalk or 
sandstone, which conduct it to the water of the well, unfiltered and 
therefore unpurified, and pregnant with danger to the consumers. 
Deep wells in Liverpool and other places have been closed for this 
reason. 
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* Parkes’ Practical Hygiene, ‘th Ed. 
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234.— When a public water-supply is procured, what should be done 
in regard to pre-existing wells and surface-water supplies 
in towns ? 

We have no hesitation in stating that all shallow wells and 
surface-water supplies in the interior of towns generally, should be 
filed up and permanently closed, as sources of water-supply. 
Serious contamination is scarcely ever absent. Their continuation 
as a means of water-supply can only serve to perpetuate the occur- 
rence of many diseases associated with impure drinking-water. 
We feel convinced that if municipulities adopted this suggestion, 
they would be carrying ont one of the most important of their 
duties as guardians of the public health. 


235.— What is the epinion of the Rivers Pollution Commissioners 
upon the admixture of sewage and well-water ? 


* Nothing short of abandonment of the inexpressibly nasty 
habit of mixing human excrements with our drinking-water can 
confer upon us immunity from the propagation of epidemics 
through the medium of potable water.” * 


236.—Is the cesspool a continuous danger ? 


It is; but the danger is increased when the upper part of 
the well is not properly constructed. 


337.—What are the characters of well-water in proximity to the 
sea ? 


Wells in proximity to the sea generally afford a saline and 
somewhat brackish water, containing excess of magnesium and 
sodium salts, without doubt derived, from the presence of the salts 
of sea-water. ; : 


238 — Does sea-water necessarily flow into wells adjacent to tt? 


It does not; even when the wells are sunk to a considerable 
depth below the level of the sea, it must not be snpposed that there 
18 any appreciable direct percolation of sea-water into them, for it 
will be found that the ‘set’ of the underground water around the 
well is towards the sea. 


239 .— How then may the access of sea-salis to wells adjacent to the 
sea be accounted for ? 
It is more probable that the advent of sea-salts is duc to liquid 
diffusion, the salts diffusing backwards into the well. 
240.—I/ it were otherwise, whal would be the effect ” 


The water in the wells would be more than brackish ; it would 
be salt-water. 


*Sixth Report of the Rivers Pollution Commissioners, 
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241.— Name any special observations which proved the great dis- 
tances to which the salts of sea-water may diffuse. 


That sea-salts will find their way into wells situated at a great 
distance from the sea or a tidal river, is shown by the observation 
of the late Dr. deChaumont, who found ina place near the Hum- 
ble River in Hampshire, that the tide affected the water ata dis- 
tance of 2,240 feet, or nearly half a mile; the well itself being 83 feet 
deep. and 140 feet above mean water-level. (‘ Lect. On State Med., 
1875,’ p. 91.) The experience of Dresden is also significant, and to 
the same effect. The relative temperatures of the river, the ground- 
water generally, and the water in the tanks in summer—and, further, 
the hardness of the water in wells near the river—all support the 


same view as to the origin of the saline impurities of wells situated 
near the sea. 


242.— What other faci proves this explanation to be the correct one ? 


It is known that by pumping from a well near the banks of a 
river, as the Elbe, the level of the ground-water is depressed 
over a wide area. It is manifest, too, that were the water ofa 
river to percolate outwards through its bed, this would soon be so 
silted up by the finely-divided stratum, and that it would not clog 
the pores of the river-bed, but rather will tend to keepthese open. 
It is remarkable that the underground tanks and_ galleries, 
constructed on a false theory, have been so successful as they 
have generally proved to be. 


243.—What apecial instance proved the above explanation to be the 
correct one ? 


That the above is the true explanation of the source of water- 
supply where such underground tanks are constructed is proved by 
the experience of ‘Toulouse, where the supply of water was largely 
increased by removing such a tank toa greater distance from the 
river Garonne, and mtercepting the ground-water. The subsoil 
water invariably rise as we recede from a river. 


244.— What was the theory of panels of tanks, tunnels, and galleries 
sunk parallel tothe bed of a river ” 


The theory of these constructions was that water should perco- 
late or filter from the bed of the river into the regervoir constructed 
for its reception. This supposed percolation cun, however, occur 
but rarely; and nearly invariably it is the underground water, 
intercepted in its passage to the river, that furnishes the water for 
use. Should the underground water be not intercepted it gradually 
finds its way to the river, into and not out of which percolation 
almost invariably takes place. It is well known, for instance, that 
the river Thames is in this way largely ted by springs of such 
ground-water at various points in its course. 
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245 .— What is the special objection to the domestic use of polluted 
Shallow well-waters ? 


They are usually excessively hard (both permanent and tempo- 
rary hardness) and therefore unsuited for domestic purposes. 


946.— What is the hardness due to ? 


The hardness is largely due to the polluting liquids which find 
their way into the well but little being caused by the mineral salts 
present in the strata through which the well is sunk. 


2347.—How may a well or mine be cleared of CO, ? 


In the case of a well, a basket of slaked lime may be let down; 
but in mines, a steam fanner ora jet of steam must be blown 
through the mine. No one, of course, should be allowed to enter 
the well or mine till it has been cleared of the carbonic acid.* 


248.— What are the characters of the water of surface or shallow 
wells ? 


Surface or shallow well-waters, though somctimes compara- 
tively pure, frequently containa large amount of organic matter. 
In mossy moorland districts, for example, or in rich vegetable soils, 
the water may contain from 12 to 30 grains of vegetable matter per 
gallon, which imparts to it a yellowish or brownish tint; while in 
marshy districts the amount of organic matter varies from 10 to 100 
grains. The saline constituents depend very much upon the 
geological character of the stratum in or upon which the well is 
sunk, but in inhabited places these are often masked by the pro- 
ducts of excremental pollution. Shallow well-waters are drawn 
from wells not more than 59 feet deep, and seldom exceeding half 
that depth. They yield asa rule notoriously bad water. In their 
ordinary state they yield an excellent breeding place for the germs 
of disease. They are supplied by] the ground-water, which accord- 
ing to some authorities has important relations with certain dis- 
eases. [See No. 146.] 


249.— What is the alia danger of shallow well-water in culti- 
vated land : 


Surface-waters from cultivated Jand are always more or less 
contaminated with manurial impurities, and should therefore be 
efficiently filtered before being used. 


250.— Mention some towns atill supplied by deep wells. 


Cambridge, Bury-St. Edmond, Canterbury,.Bedford, Scar- 
borough, from oolite, and Coventry, Southport, Scarlington, Burken- 
head from new red sandstone. 


® Huspaxy’s Medical Police. 
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251.— What is necessary before a well recently sunk is brought 
into use ? 


That the water be analysed by some competent person, and 
this analysis should be repeated from time to time to assure the 
consumers of its continued purity, or inform them of any deterio- 
ration that may have taken place. It appears to be legitimate to 
presume that well-water is impure and unwholesome, until it is 
proved by analysis to be otherwise. 


252.—Is the information afforded regarding the inorganic nitrogen 
of shallow wells of much practical importance ? 


_ It is not; because the amount varies within such considerable 
limits. The proportion may be as low as ‘2 or as high as 20 parts 
per 100,000, according to the extent of previous pollution. 


253.— What is the usual proportions ? 
The proportion usually ranges from 1 to 10 per 100,000 parts 


of water. 
254.—Is the water of superficial wells of uniform quality ? 


Surface well-water is capricious in quality. Sometimes com- 
paratively pure and wholesome, but usually very impare. 


255.—How may the water of shullow wells be rendered less uinwhole- 
sone * 


By puddling the circumference of the well by an impermeable 
layer of clay three feet in diameter, and for a depth of ten feet, 
by completely covering the well, by converting all dead wells 
into pump wells, and by abolishing all privies, cesspits or cesspools, 
etc., from their vicinity With all these precautions carefully 
attended to, superficial well-water may be used when no better 
supply is available ; but even then it is advisable to both boil and 
filter the water before using it for drinking purposes. 


256.—Can a surface well then be considered safe as a source 
of supply of drinking-water £ 


A surface well can never be safe however perfectly its sides are 
cased and made impervious, if there is any pollution of the soil 
within the distance to which the inverted cone atready described 
extends. Contaminated water will almost inevitably be drawn into 
the bottom of the well. 


287.— What is the influence of wells upon each other as to yield of 
water ? 


The success of wells, penetrating deep into large subterranean 
basins, upon their first completion, has usually led to their duplica- 


60 WATER. . [PART 1, 


tion at other points within the same basin, and the flow of the first 
has often been materially checked upon the commencement of flow 
in the second, and both again upon the commencement of flow 
ina third, though neither was within one mile of cither of the 
others. The flow of the famous well at Grenelic was seriously 
checked by the opening of another well at more than 3,C00 yards, or 
nearly two miles distant. [The successfn] sinking of deep wells in 
Europe began at Artois, in France, in the year 1126. ‘the name 
“ Artesian,” from the name of the province of Artois, has been 
familiarly associated with such wells from that date, notwith-. 
standing that similar works were executed among the older nations 
many years earlier. Since the success at Artois, this method has 
been adopted in many towns of France, England and Germany, 
where the geological structure admitted of success The French 
engineers have recently sunk nearly one hundred successful wells 
in the great Desert of Sahara: and Algeria and Northern Africa 
are beginning to bloom in waste places in consequence of being 
watered by the precious liquid sought in the depths of the earth. ] 
258.— Why are superficial wells wnsafe as a source of water-supply ? 
Because (a) they are fed by the subsoil water, (Lb) they are often 
in proximity with old deep privies, or adjacent to cesspools or 
drains, the sewage from which may pass directly or indirectly 
into the wells. [Surface wells near habitations are generally subsotl 


and rain-water mixed, more or less, with the soluble matters of 
the soil. ] 


259.— What proof have we that the subsoil drainage areas of wells 
may be very great ? 


By the distances at which wells are affected by tides or running 
waters. A well on the banks of the Hamble, a tidal river, is distinctly 
affected hy the tides, although the distance is nearly forty times the 
fal]—that is, the difference of level between the bottom of the well 
and mean tide ordnance datum. ‘I'he pressure of the Rhine has 
been known to inflnence u well 1,670 feet distant. 


260.— What may be said with regard to a well-water supply in 
towns £ 
In all houses provided with a public supply the use of well- 
water should be condemned, because although it may be found to be 
fit for drinking purposes, the risk of pollution is always greatly in- 
creased in towns, on account of neighbouring drains and sewers. 


261 .— Tf wella must be used, what points should be strictly observed 
and attended to ? 

Special attention should be directly given to the water-supply, 
and any deep ash-pits, midden privies, or cesspools near wells should 
he removed, and the drains examined. If the water is pumped up 
ley means of a force pump into a cistern, for the purpose of supply- 
ing the closets, it will gencrally be found that the oetern also 
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supplies the housemaid’s sink, and that at this tap the water-bottles 
as well as bed-room utensils, are usually filled. 


Ifthe porous stratum in which the wellis sunk is of consider- 
able thickness, the underground water being 30 feet or more from 
the surface, the sides of the well for this depth should be imper- 
viously steined with brickwork set in and lined with hydraulic 
cement. If thisis done, water percolating from the surface must 
pass through at least 30 feet of soil before entering the well. In its 
passage through the soil, the organic impurities in the water will be 
toa certain extent, removed by oxidation 


262.— What precautions should be taken to preserve the purity of 
well-water * 


If the water-supply 1s to be derived from a well, the well and 
cesspools should be widely separated. Incase of accidental leakage 
it is also necessary that the well should not be near house-drains. 
To exclude subsoil water. the upper part of a well should be clay- 
puddled or made otherwise water-tight, and the mouth should be 
Ria against the entrance of surface-water Every well should 

e ventilated and provided with a manhole for purposes of inspec- 
tion and cleansing. 
263.—To what distance may the water of the sea affect the quality 
of well-water ” 

De Chaumont found the tide affecting the level of a well 

140 feet above mean water-level, at a distance of 2,240 feet. 


264. — What importance has this point 7 


It bears directly upon the subject of the wholesomeness of 
water-supply from wells, for it is quite clear that if the effect is so 
marked, wells may drain cesspools, dung-heaps, middens, and all 
sorts of filthy places ; and it really appears wonderful, if this be the 
case, that well-water should ever be fit for drinking, and that more 
disease is not caused in this way. At the same time we should 
remember that fairly good water is sometimes obtained from wells 
that appear likely to be contaminated. 


265.— How may this be accounted for ? 


This depends upon three conditions :—Ilst, the nature of the 
soil; 2nd, the direction of movement of the ground-water ; and 3rd, 
the amount of water drawn from the well. As regards the first, it 
is clear that impervious soil, such as stiff clay, will shut off the 
access of water, and consequently of impurity, from strata beyond 
it. Thus, a layerof clay will successfully keep out surface impuri- 
ties, if the wellis deep enough to pass through it, and is protected 
in the upper part. 

266.— What is there peculiar about the waters from wells near the sea ° 


They frequently contain so much saline matter as to taste quite 
brackish, although the organic matter may not be very large. 
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In some samples from Shoeburyness (analysed at Netley), the 
total solids ranged from 148 to 312 parts per 100,000 of total 
solids, the chlorides being from 31 to 93 : mean of six samples—236 
total solids and 50 of chlorides. In one sample, however, the 
albuminoid ammonia was only 0°007 per 100,000, and in five the 
oxygen required for organic matter was under 0-075 per 100,000. 
Samples from wells at Gibraltar yield in some cases large quanti- 
ties of solids—in one instance as much as 338 parts of total solids and 
244 of chlorides in 100,000. At Landguard Fort, water from a 
boring 150 feet deep yield more than 700 parts of solids and 540 
parts of chlorides. 


267.—Give an analytical table of waters considered to be very 
wholesome, stating detatls. 
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Bassenthwaite ...| 4°64 | °154,-037'0 -9 | (087 1:29) 2-83 
Battermere —...|_ 3°56 | °127)°040.°004'-0 | -043 | °89; 1:01 
Cocker ..| 4°62 | 069) 022,001 -9 | “023/109; 2°15 
Crawley Burn ..,/11 28 | 187} 031,001 -0 032 |1:04! 6:08 
Crummock Water| 4°06 | "183; °055 °007 |-0 061 | °89; 1:30 
Derwentwater ...| 6°56 | "218! -043°'001 |-o "044 {1:29} 1°74 
Derwent | 80 | °219) 041004 /-9 044 |1:08} 3:37 
Ennerdale 2°16 | °042!°017'0 0 017 | 99; 1°45 
Gragsmere 418 (°285, 05 ,001:0 | 051 {| °79/ 2°70 
Kent ...| G43 | 149/-020'0  -u44) -064 | “90) 3:90 
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Severn, above } 


Windermere : 
Zug ...| £8°20 | °149! -0261'0Itrace| ‘026 | ‘27) 9:08 hard water. 
Ziirich ...} 44°80 | °092) °009|-002 [0 ‘O11 | °17'10°61 bard water. 





* Parkes’ Practical Mygiere, 7th Ed. 
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268.— What should be the limit. of organic carbon and organic 
nitrogen in spring and deep well-water ? 


Spring and deep well-water ought not to contain, in 100,000 
parts, more than 01 part of organic carbon or ‘03 part of organic 
nitrogen. If the organic carbon reaches 0°15 part in 100,000 parts, 
pe water ought to be used only when a better supply is not obtain- 
able. 


269.—How may the contents of cesspools affect the quality of 
superficial well-water ? 


‘I'he liquid sewage percolates through the soil and joins the 
underground water below. As the underground water is slowly 
but steadily moving along in the direction of its natural outlet, the 
position of the well, in regard to the cesspool, is all-important. 
Should the well be above the cesspool, the underground water flow- 
ing from the well to the cesspool, the risk of pollution is greatly 
diminished, so long as but little water is drawn from the well. If 
the well is below the cesspool, it must infallibly be polluted with 
the cesspool soakage. 


270.—Give a diagram illustrating pollution of surface well by a cess- 
pool. 
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Cesspool leaking into soil, and contaminating the water in well. 
A, Ceaspool ; B, Drain ; C, Well. 


271.—What other importance has this relation of cesspools to swper- 
° ficial wells ? “ 


This is one of the reasons why in the sinking of a well the- 
direction of the flow of subsoil water currents is so important, 
for should they pass beneath houses, near well-privies, etc., the well 
they feed may become the means of pestilence and death, instead 
of serving the functions of life and health. The surface soil in 
India is chiefly of a loamy character, and therefore permits of free 
Percolation of water, which water, as we have before stated, carries 
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with it the impurities of the soil. The descent of the water beyond 
-a certain level is stopped by a layer of clay, but the water oscillates 
upwards and downwards, and this oscillation helps to increase the 
-degree of saturation with impurities, which are conveyed with the 
subsoil water to any wells which this subsoil water may feed. 
Before being opened for use, the water of all newly-dug wells should 
be chemically analysed. Cesspools are but rarely made water-tight, 
as they would then require to be frequently emptied. When sunk 
ina porous soil and merely lined with bricks without mortar or 
cement, the liquids soak away, and the solids-—small in volame—so 
gradually accumulate, that the cesspool can be closed over and need 
not be opened for years. 
272.— How may the intermittent pollution of the well be produced in 
such a case ? 
From a rise in the ground-water by which it reaches a cesspool 
at other times too far above its level to affect it. 


273.—LHEzplain how the pollution of a well takes place when situated 
close to @ ceaspool ” 

If the underground current be from the cesspool to the well it 
will be dangerous, but not necessarily so if the flow be from the well 
to the cesspool. Most wells are dug simply with the view of obtain- 
ing water and of having it as convenient to hand as possible; the 
cesspools are dug similarly, with a view to convenience, except that 
the demand here is that the liquid contents shall readily drain 
away. Provided the well furnishes an abundance of water, and the 
cesspool allows the liquid refuse to soak away, and, on this account, 
seldom requires cleaning out, there is little concern as to what goes 
on unobserved beneath the surface of the ground. In the course of 
time the well-water is discovered to be impure, either by the bad taste, 
or by analysis of the water which has been grudgingly ordered 
owing to the suspicious sickness of some who have drunk the water. 


274.— Whai conditions determine the freedom or otherwise of a shal- 
low well from cesspool or sewage pollution ? 


They are:—:1) Its position as to cesspools or other sources 
of pollution, with regard to the flow of underground water; 
(2) the amount of depression of water-level in the well which 
may be produced at any time by pumping; (3) the nature of the 
soil in which the well is sunk, as regards porosity and the eas 
passage of water. Itis quite possible, if these conditions are attend- 
-ed to, to sink a well that shall be uncontaminable in or near @ 
village, in which the shallow wells generally are horribly polluted 
with cesspool soakage. 

278.— Suppose a well to be contaminated by sewage, how may the 
source of pollution be detected f 


. If well-water is found to be charged with sewage, the origin of 
-the contamination may be ascertained by throwing a little chloride 
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-of lithium into one of the suspected sources, and, after a day or two 
examining the water of the well for lithium, with the aid of the 
spectroscope. This instrnment will detect extremely minute traces 
of the metal, if any happen to have reached the well. If none are 
found, another possible source should then in like manner be tested. 


276.— How may contamination from surface drains be avoided ? 


‘This form of contamination is preventable toa considerable extent, 
iby constructing «proper parapet wall around the mouth of the well. 
All wells should be protected by being lined for a depth of 15 feet 
at least, with a thick layer of hydraulic cement. Liven shallow 
wells would be improved by this means. If the subsoil water sinks 
below the level of this lining, it has at least been filtered through 
15 feet of soi! before entering the well. As an additional precaution 
against direct contamination by surface and subsoil water, the soil 
around the tube of the well should be puddled to as great a depth 
as possible. The original excavation should exceed the diameter 
-of the well by 3 feet, to allow of thoroughly well-worked puddle being 
rammed down. This puddle must beimpervious, and the best form of 
‘earth for puddle is a light loamy soil with a small share of sand. 
Surface ulluvial soil is useless. From the outside of the basement 
of the parapet wall, there should be a smooth, sloping, pavement, 
extending fora distance of 5 feet or so, and this should be surround- 
ed by @ masonry channel lined with good cement. This channel 
shonld convey all refuse water to a cistern, from which latter it 
could be periodically cleaned out, or better still, the drain might lead 
to one of the public drains. 


2377.— What relation should the position of the well bear to possible 
subterranean sources of pollution. 


The well must be sunk in such a position as regards possible 
sources of pollution, that the underground water flows from the well 
to the sources of pollution. ‘he distance of the well from such 
possible polluting sources should be from 100 to 160 times the de- 

ression of the water in the well that is ever likely to be produced 

y pumping, this distance varying with the nature of the soil. The 
‘mouth of the well should be closed over, for the water raised by a 
windlass, chain, and bucket through an open mouth are liable to 
accidental contamination from refuse being thrown in, or animals 
falling in. To prevert contamination from impure surface washings, 
‘tthe mouth of the well should be protected by a,coping, and the 


‘drainage water from the pump conducted away to a safe distance. 


Where the level of the underground water is but a few feet from 
the surface, it is obvious that the surface water, which may contein 
impurities, has but little chance of being purified by oxidation in its 
passage through the soil to the well. But the grosser pollutions 
that shallow well-waters suffer from, come, not from this source, 
‘but from leaking drains and cesspoolsin the vicinity. 
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278.— How may the direction of flow of the underground water be 
determined ? 


From the contour of the surrounding country; and this 
evidence can be confirmed by observations on the height of the 
underground water at different places, as determined by the height 
of the water (above sea-level or ordnance datum) in different wells, 
for the level of the underground water falls as it approaches its out- 
let, giving rise to a curve. 


279.— What is the relation betaveen the height of the subsoil wate 
and the depth of the water in the well ? 


When much water is removed from a deep well, the level of the 
water in it descends below that of the snbsoil or ground-water. The 
subsoil water now directly feeds the well and flows towards it in 
such a way, that the area of soil draining its water into the wells 
forms a sort of pyramid with the apex downwards, the apex corre- 
sponding in size with the calibre of the well itself. Theresult is that 
all the soil that is embraced in the area covered by the base of the 
pyramid drains its water into the well. Further, the impurities of 
any foul ponds, and filth deposits within its reach, are washed into 
the well In the case of some wells the larger the quantity of 
water drawn from them the larger the base of the drained area, the 
greater the amount of subsoil water entering it, consequently the 
greater the degree of contamination. 

280.— How may we determine the permanency of supply in a well ? 

In an inhabited place by enquiry of one of the old neigh- 
bouring inhabitants. In an unoccupied area, by observing the nature 
of the surrounding country. [A yield at the foot of hills is probably 
perennial.] Should there be an abundance of CO, in the water, this is 
® guarantee to the permanency of the well as it is probabl 
replenished from some subterranean lime-stone reservoir—cha 
beds have, as arule, large underground collections of water : increase 
in temperature in the water is likewise a sign of permanency. 


281.—Why do surface wells often dry wp in summer time ? 
Because they are dependent on the subsoil for the water-supply. 
282.— What effect may the sinking of a deep well have upon neigh- 
bowring wells ? ' 
It may exhaust the supply of all the neighbouring shallow wells 
for 2 or 3 miles as well as all the cesspools. : 
283.— What was the opinion of the Rivera Pollution Commissioners 
in regard to water-supply from the Thames and other rivers 
from deep wells ? 
The last Royal Commission which had todo with water-sup- 
ly—namely, the Rivers Pollution Commission—spoke strongly 
in favour of abandoning the Thames and other rivers altogether, and 
thought it feasible to obtain the entire supply for the Metropolis from 
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deep wells within a thirty-mile -circle. That this would be done 
without decreasing the volume of the existing streams, which are 
in part supple by springs from the same formation, they do not 
pretend; but they assert that the water thus obtained would cer- 
tainly be wholesome; while the river-water is, to say the least, 
undesirable as a beverage 


284.— What may be said with regard to a well-water supply in 
towns ” 


In all houses provided with a public supply, the use of well- 
water should be condemned, because, although it may be found 
fit for drinking purposes, the risk of pollution is always greatly 
increased in towns on account of neighbouring drains, and sewers. 


285 —Whai pecultar property is common to the water from all deep 
wells * 


One feature, which is common to most of the deeper wells, is 
that of the clevated temperature of the water. It is well known 
that the temperature of the earth increases somewhat regularly from 
the surface, and the effect of this 1s felt upon the waters which are 
obtained at considerable depths. The temperature of the water 
which flows from the widely-known well at Grenelle, Paris, which is 
abont 1,800 feet deep, has a temperature of 27° C. (8C° Fahr). The 
water of an artesian well in Louisville, Kentucky, whichis 2,086 feet 
deep, has a temperature of 76°5° Fahr. ‘There are, however, some 
wells which seem to form an exception to this rule, and different 
wells do not show the same rate of increase in temperature from 
the surface downward Of course a water witha temperature of 
80° Fahr.. while admirably suited for some purposes, is not fit to 
drink unless artificially cooled. 


286.—Why are saa wells being now abandoned in as a source of 
water-supply in large towns ? 


Because they are found to be insufficient for the wants of a 
rapidly-increasing population, and obviously cannot be multiplied 
within a given district beyond certain limits, because every single 
well drains a surrounding area of some considerable extent, For 
large isolated buildings, however, such as lunatic asylums, work- 
houses, and prisons, they usually supply the whole of the water 

required and in selecting a site in the country for any such build- 
ing, the possibility of obtaining the requisite water-supply, and the 
cost at which it can be procured. are points of the first importance. 


287.— What is the weual source of supply in| small districts and 
what in general terms may be said against this supply f 


In small?urban and rural districts surface wells, whether as 
ordinary pump wells, draw wells, or shallow dip wells, constitute 
the usual source of supply, and though they may naturally yield » 
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wholesome water, the surrounding soil often becomes so saturated 
with impurities that if is next to impossible to prevent their pollu- 
tion. 

286.— Are deep welle vpen to this objection ? 

No, because they are generally sunk through an impervious 
stratum, which prevents the infiltration of any surface impurities, 
and at the same time serves to keep down the water in the porous 
strata beneath. 

289.—Does a much frequented and used well always contain 
pure water ” 

Yhat a wellis popular as a source of drinking-water is no guar- 
antee to the purity of its water. ‘The water of wells containing 
organic matter undergoing decomposition frequently has a peculiar, 
but not unpleasant taste, and the slightly sparkling appearance 
given to it by the carbonic acid formed in the decomposition of the 
contained organic matter, gives it the specious characters of a good 
water, and induces people to seek a particular well in which this 
process is going on. 

390.—What is the risk of sturage of deep well-wuter ” 

It has been found in many cases that there is great liability of 
vegetable growth when the water 1s exposed to air and sunlight, so 
that, if it becomes necessary to store the water before the distri- 
bution, covered reservoirs must be used for the purpose, at least in 
warm climates, and it should be consumed before such growth can 
occur. 

291.—Do several borings in one locality or in juzxtaposttion 
materially increase the yield of water supplied ” 

Practically, it is found that one boring adds to the supply of a 
well nearly as much aos several. Thus in the Bottle well at Liver- 

1, with 16 bore-holes, some of which were 600 feet deep, Mr. 
tephenson found that when all were plugged up but one, the yield 
was 921,192 galons per day, and when all were open it was only 
increased by 112,792 gallons. 
,292.—In what other way may the yield be increased 7 


It has been in many cases found that the driving of headi 
and adits pelea low the water-level, is more effective in 
increasing the yield of wells than deepening them. 

293.— How is this explained ? 

By the facts that the area of collection of water is thereby 
increased, and there is a greater likelihood of striking the fissures 
from which the largest volumes of water are obtained. 


294.—How do we account for the emall quantity of organic matter in 
deep wells and springs 7 

Very little organic matter survives the exhaustive process. of 

intermittent filtration which water suffers on its way to deep wells. 
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and springs. In shallow wells, on the other ‘hand, while much 
organic matter in the water may be oxidised, living spores and 
germs capable of propagating ‘disease may ?survive: the purifying 
effect of filtration into such wells is therefore not to be depended 
upon, as it may cease altogether if overtaxed. 


295.—7s well-water from granitic rocks wholesome ? 


Yes, as a rule it is exceedingly wholesome as are all waters 
from rooks of volcanic nature. 


296.— Whence is the greater part of the rural population of Eug- 
land supplied with water ? 


Almost exclusively from shallow wells; formerly shallow wells 
were also the usual sources of supply in towns, but these, in nearly 
all instances, have now been abolished in favour of public supplies 
from unpolluted sources. The’ Rivers Pollution Commissjoners 
(Sixth Report) stated that in their experience shallow wells are 
almost always horribly polluted by sewage and by animal matters of 
the most disgusting origin. - 


297.— How may we roughly ascertain the depth of the subsoil water ? 


The height of water in a well may be taken as a good guide as 
to the depth of the subsoil water. 


298.—Generully speaking, upon what dove the chance of obtaining 
« good supply depend ? 


Upon the nature of the underlying strata, and upon the level 
of the proposed site. Wells sunk in superficial sand or gravel beds, 
though eae a good supply at ordinary times, are very liable to 
have their yield very aniieh lessened in gensons of drought, unless 
they are situated at points considerably below the level of the sur- 
rounding country, and the same remark applies to surface wells in 
the chalk districts. On the other hand, deep wells or borings in the 
new red sandstone, and oolite or chalk formations, usually yield a 
large and constant supply, because these permeable rocks are so 
saturated with water that they may be regarded as vast suhterranean 
reservoirs. The deepest artesian wells in the world are those at 
Grenelle in Paris and Kissengen in Bavaria, the former being 1,860 
and'the latter 1,878 feet in depth. 


299.— Highly polluted shallow well water may appear to be good : 
hows this to be explained ” 


It is a curious circumstance in regard to the grossly polluted 
waters of many shallow wells, that they are as a rule clear, sparkling, 
and very palatable. The organic filth from cesspools and drains, in 
its passage through even a few feet of porous soil, is filtered and 
deprived of suspended matters, but without losing its dangerous 

perties. The shallow well into which the filth percotates is 
ound to furnish a-water loaded with ammomia and chlorides—evi- 
dences of sewage (urine) contamination—with organic matters, but 
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, from its containing abundance of carbonic acid gas, sparklin 
and palatable. If such a water, however, is putin a bottle and kept 
in a warm place, it very soon becomes turbid, then putrid, and is 
found to swarm with bacterial life. Such wells, too, after a heavy 
rainfall, are very liable to furnish a turbid and foul-smelling water 
which nobody would think of drinking. The heavy rain washes foul 
substances in the soil, derived by soakage from manure heaps, mid- 
dens, privies, or cesspools, straight into the well, no time being 
allowed for that filtering and partial purification by oxidation which 
does so much to give the well-water at ordinary times its pure but 
deceptive appearance.* 

300.— Mention an example of an artesian boring in London ? 


That of the Meux Brewery in Tottenham Court Road, which has 
a depth of 1,144 feet. 
301.— Through what strata does it pass ” 


- From above downwards: 


Gravel . O.G, ae Se oa gw, Ee 22 feet. 
London Clay .. ......2.2.~. 63} ,, 
Woolwich, and Reading beds (sands, clays, &c.) 57, 
Thanet Sand ik ae et ae cae fos ne ets gk © A 
Chalk .. . eG He Wk Gh Be Su es WOO ay 
Upper Greensand .......... @®8 , 
Gault . . 2... 1... bah cat ca es (AGE agg 
Lower Greensand ...... ... 64, 
Devonian .... . eee ee ae 4 + 


302.— What is an artesian well ? 


It is a shaft sunk or bored through impermeable strata, until a 
water-bearing stratum is tapped, when water is forced upwards by 
means of hydrostatic pressure due to the superior level at which the 
rain-water was received—it spouts out as an artificial stream. The 
water from such springs is generally very good and wholesome but 
lies so deep that it is too costly to bore. Its origin from a widespread 
area of water accounts for the supply from it being constant. 
In certain low-lying districts, where a boring is made at a point 
considerably below the level of the line of infiltration into the water- 
bearing stratum, the water rises above the surface and overflows. 
Such overflowing wells, or artesian wells as they are called, were 
once common in the valley of the Thames. [An artesian well draws 
the water that is confined beneath the retentive stratum and which 
is there under ee pressure, and has probably flowed from a com- 
paratively great distance. ] 

303.-— Explain the method of sinking an artesian well ? 

Artesian wells, s0 called from having been first sunk in the 

province of Artois, in France, are often of very great depth, 


* Hygiene and Public Health by Lovis Parxgs, 2ud Ed. 
+ Bunge..’s Manual of Water Supplies. 
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penetrating a water-bearing stratum which crops up elsewhere at 
some higher point; by this means the water rises in the well to the 
height of the outcrop, so as in some cases to flow considerably above 
the level of the sacll-opening. Advantage of this is taken in the 
process of boring, so that the force of the water is sometimes 
sufficient to force up the débris out of the boring-tube. The 
plan ueually followed is to dig a wide well-hole for some depth, 
and then to complete it with a long bore-tybe of narrower diameter, 
The water of artesian well is usually good, but its composition is 
peculiar, as it contains a larger amount of salt than the best 
spring-waters, and also often a good deal of ammonia. This, 
however, has nothing to do with recent organic impurity, und may 
be disregarded. Its aération is less perfect than that of other 
waters, particularly in the absence of oxygen, but it contains enough 
of carbonic acid to make it moderately palatable, whilst a very short 
exposure to the air enables it to absorb oxygen. [Artesian wells are 
artificial springs, made by boring deep into the ground, untila 
layer of water is struck which at some part has a higher level; the 
water rushes up to the surface, or at least to the level of its 
highest point. From the great depth of such wells, the water is 

enerally free from any dangerous impurity. It is sometimes hot, 

owever, and is nearly always badly aérated, and consequently 
not very palatable until after some exposure. Boring tools of large 
diameter have been recently introduced, and these are found less 
costly, whilst the borings are more easily made. At some new 
works in the chalk at Southampton, the bore tubes are six feet in 
diameter. | 


304.— What are the characters of urtesian well-water ? 


The composition varies greatly. In some cases the water is 
so highly charged with saline matter as to be undrinkable: the water 
of the artesian well at Grenelle contains enough sodium and 
potassium carbonates to make it alkaline; there is also oftena 
considerable amount of free (or saline) ammonia. In some cases 
the water contains an appreciable amount of iron; in other casea, 
especially when drawn from the lower part of the chalk, or the 
pre below it, it is tolerahly pure. Its temperature is usually 

igh in proportion to the depth of the well. The aération of 
the water is often moderate, sometimes nil. These last two points 
sometimes militate egainst the employment of water from very deep 
wells. 
* 305.— When care artesian wells formed ” 


When the stored-up water is confined by an overlying stratum 
of impervious material, we have the conditions requisite for the 
formation of an artesian well. 


306 .—Into what strata have the most common and the most 
successful artesian wells been sunk ? 
Into the chalk strata. 


*e 
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“S07.— Where are artesian wells frequently met with ? 


They ‘are'very' common in the chalk and new red sandstone dis- 
tricts, and are made to irtcrease the yield of the wella. Practically 
it'is found that one boring adds to ‘the supply of a well nearly'ss 
tiéuch as several. (See No. 292.) 


. 808 .~— What ie the chief advantage of artesian wells as a source of 
town-supply ? 


In localities where the only water really fit to drink, is stored 
rain-water or water from some very limited source, itis advisable, 
if possible, to procure in this way a supply of water which shall 
answer for most public uses and for many manufacturing purposes, 
although it is true that a good deal of uncértainty always attends 
the sinking of the first well which is bored in any particular 
locality. 


309.— Are artesian rell-waters always pure ? 


Exceptionally, an artesian well may furnish a polluted water- 
supply : and some have furnished unmistakable evidence of the 
sources of their impurities in the shape of dead fish, marsh plants, 
poots, and seeds; it is supposed that in some of these cases 
materials have been conveyed in subterranean conduits from great 
distances. 


' 310.— What are the essential differences between an artesian and 
an ordinary well ? 


An artesian well is a boring made into an underground body of 
water, confined under pressure by an impermeable stratum of rock, 
clay, etc. 

This stratum being pierced, the water in endeavouring to rise 
to the height of its source rises towards or above the surface of the 


@round. 


An ordinary well is sunk down to water not so contined. 


The rising of water from a firecock or a strut main illustrates 
the principle of the artesian well,a pump used for raising water 
from an underground rain-water cistern shows the action of an 
ordinary well. 


An artesian well hardly becomes polluted in the ordinary sense of 
the term. The water may, however, be so impregnated with minerals 
as to be unwholesome, or its temperature ‘may be inconveniently 
high. 


Ordinary wells may be divided into two classes,deep and shallow. 
Shallow wells gather their supply from the surface or from springs 
near enough to the surface, to receive surface pollutions ‘antl are- 
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Hable to receive soakings from highly manured fields or gardens, 
farm and privy middens, dung heaps, shallow cesspools, etc. 


Deep wells are such as are sunk to such a depth as to be secure 

from surface pollutions; the water in them will either have been 

thered originally on clean surfaces or have undergone natural 
Itration. 


Such a well may be and has been polluted by another similar- 
well which has heen sunk into the same water-bearing stratum and 
has been afterwards used as a deep cesspool, contaminating the whole- 
body of underground water. 


Both kinds of well are liable to pollution from a faulty drain. 
running over the cap or close by top of well. [All ordinary wells 
should havea thick and well-worked backing of puddled clay behind 
the brick or masonry lining (or steining), the puddle to extend 
from the ground surface to a bed of impermeable clay or rock, and 
also a good covering of puddle over the cap. Drains should be kept 
at a distance ; a surface channel being used to carry off waste from 
pumps. Shallow wells polluted by soakings direct from surface of 
ground should be closed. | 


An ordinary well does not go through a retentive stratum; an 
artesian well does—it taps the water situated beneath the stratum, 
which water is there under considerable hydraulic pressure, and 
frequently has a distant source of supply. 


311.—Name a few celebrated artesian wells ’ 


1. That in the Abbatoir in Grenolle near Paris, it is 1,800 feet 
deep, cost £10,000 to bore, took 10 years to complete, was first 
lined by an iron tube which has been changed to copper. It 
yields 656 gallons of water per minute with a temperature of 27°C. 

2. That in Kissingen, in Bavaria: it is 878 feet deep, and cost 


£8,000 
3. Tho new La Chapelle well in the Paris Basin. 
'312.—Deseribe the new La Chapelle artesian well. 


Its depth is 720 metres. water rising 35 metres above the mouth, 
It gives 6,000 cubic metres in 24 hours. [It has been proposed to 
utilise this force to drive a dynamo for the production of electricity. 
In Florida, the water from an artificial well drives a turbine wheel 
and dynamo. | ; ; 


313.—Mention some of the caraes of farlures in artesian ‘well 
dorings. 

Rerits and faults which abound in some rocks, and the deep- 
ravines an valleys by which some countries are traversed ; for when 
these ndturdl ‘lines of drainage and strata ‘are interrupted, there 
remains bat a small: age of water to eseape by artificial issu 
Faftures ‘may arise the great thickness of the porous 
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impervious strata, or by the dip of the strata, which may carry off the 
water from adjoining high lands to dips in the oposite direction, 
as when the borings are made at a point where the strata incline in 
a direction inwards or opposite to the base of the cliffs. 


314.—In projecting an artesian well for a town-supply what 
important points demand attention? 


The geological character of the locality where the boring is to 
be made, and, as far as possible, the source of the water. Indeed, 
without a knowledge of the probable character of the particular 
locality, sinking an artesian well is like investing in a lottery, and 
hardly justifiable as a municipal undertaking. It is truethat many 
wells are sunk without the advice of competent authority, and some 
of them are successful ; as a rule, they end in failure. The instance 
of the St. Louis, Mo., artesian well, where £10,000 sunk in the well, 
is instructive in this connection. 


315.—Are artesian wells used for town-supplies in any instances ? 


Yes, for example, the Bottle well, Liverpool, and the well at 
Grenolle. One portion of the City of London is supplied by the 
Kent Waterworks Co., which furnishes upwards of 9,000,000 gallons 
daily, taken from wells in the chalk, in the neighbourhood of the city. 
The water is quite hard, and hence ill-suited for use in washing, 
but is clear and colourless and wholesome. There would be no 
‘difficulty in softening the water; in fact, a portion of the supply, 
when some of the wells were in the hands of another Company, was 
pea by Clark’s process to the extent of 1,000,000 gallons per 

y- 
316 .—Mention another difficulty in the use of artesian wells for 
domestic supply 7 


The large amount of dissolved mineral matter which the water 
from such wells is likely to contain. As almost all rocks are more 
or less soluble, we should expect that water which had traversed so 
great a distance underground would be highly charged with mineral 
matter. Of course the character and amount of the dissolved sub- 
stances depend upon the nature of the strata passed through. Some- 
times the water is absolutely unfit for domestic use, although it may 
answer for extinguishing fires and watering streets or for irrigation. 
In other instances, the only difficulty may be that the water is 
too hard ; if otherwie ssuitable, such water may, in some cases, be 
softened. 

317.—Are artesian wells peculiar to Hurope ? 

They are not; they are common the world over. In Egypt and 
in China there are such wells of unknown antiquity, and during the 
dast fifty years great numbers have been sunk in Europe and in 
America. Of these the larger number have been sunk by private 
aap in order to obtain water for manufacturing or other purposes. 

e wells differ greatly in depth and in character of the water. 
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In some cases the water is so strongly charged with common salt 
that it can be treated as brine; in other cases the water contains & 
variety of salts, and is used as mineral water, while in still other 
cases & soft water fit for all domestic purposes is obtained. 


318.— What are driven or tube-wella ? 


They are contrivances in the form of tubes for obtaining water 
from superficial porous strata by means of borings. They were 
largely used during the Abyssinian Campaign, where the occupation 
of any piece of ground was necessarily temporary, the tube being 
quickly sunk and as quickly withdrawn. 


319.— Describe a driven-well ? 


In many localities, a shallow well dug into the ground reaches 
the ground-water at no great depth, and if the well be carried to the 
bottom of the water-bearing stratum, an impervious bed of clay is 
reached, beneath which a second bed of gravel may be found, also 
water-bearing. This second supply of water may be of very differ- 
ent character from the ground-water proper, and under ordinary 
circumstances is less liable to pollution. A very common method of 
obtaining water from such a source, and one that is employed also 
in some cases in utilizing the ground-water itself, is that of “ driven- 
wells,” “ tube-wells,” or, as they are sometimes called abroad, 
“ Norton,” American” or ‘‘ Abyssinian” wells. These wells are made 
by forcing wrought-iron (or galvanized iron) tubes, such as are used 
for gas or water-pipes, into the stratum from which the water is to 
be taken. The pipe is generally from 1} to 2 inches in diumeter 
and is furnished at its lower end with a wrought-iron or steel point; 
above this point the pipe is perforated for some distance with 
holes to admit the water. The pipes are usually driven with a mallet 
(sometimes by means of a driving weight or “‘ monkey”), and 
when the top of one tube has come to be at the surface of the 
ground, 2 second length is attached. In order for such a well to be 
successful the deposit into which it is sunk must be quite porous, so 
as to allow a free passage to the water; this is especially the case 
where the water is required in considerable quantities for manu- 
facturing purposes or for town-supply. 

220.— Are tube-wells equally lindle to contamination with shallow 
wells ? 

They are not; leakage of sewage into such welis is much less 
liable to occur than into ausatl shallow wellsg.. Nevertheless, 
when the pump is vigorously worked, sewage may be drawn into 
the tube from a considerable distance. Of course, tube-wells are 
not adopted for any but limited supplies of water. 


321.—How are they used ? 
An iron tube with a steel nozzle having perforations at its lower 


end for the passage of water, is driven into the | assays by a driving 
weight or “monkey ”; before it has altogether disappeared into the 
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nd another length of tube is screwed on, and this is ‘then 
iven imto the soil. Successive lengths of ‘tube ure ‘attache! 
until a depth of .20 to 28 feet is reached when a hand pump is 
screwed on 'to the top, and the water pumped out. Difficulty is 
often experienced from sand blocking the lower part of the tube: 
and the perforations. The sand must be dislodged by clearing tools, 
or punrped out until a space free from sand is formed around the 
nozzle, and the water issues clear and bright. 


.322.— What is the chief use of tube-wells ? 


They are useful for small and temporary supplies, such as may 
be needed by smal! bodies of men, when travelling through deserts 
or unuknown couutries. 

'323.— Describe the London basin in relation to its sources of water- 
supply. 

Beneath the Lower London Tertiaries comes the chalk, with 
its outcrop in the chalk hills and downs, north, south, and west of 
the Thames basin, and many miles from its centre. The outcrop 
forms a very extensive catchment area for rain, which, percolating 
through the joints and fissures of the chalk. gives rise to vast 
reservoirs of subterranean water in the underground extension of 
this rock beneath the tertiary beds of the London basin. As the 
London basin is hollowed into the form of a shallow trough, the 
sides of the trough being the outcrop of the chalk in hills and downs 
it follows that the water in the chalk is also trough-shaped, and that 
when wells or borings are sunk into it near the centre of the London 
hasin, the water tends to rise in the boring, and may even overflow 
at the surface forming true artesian wells. Such wells exist in 
some of the low grounds of the valleys of the Thames, Wandle, and 
Lee ; but, as a rule, in the chalk borings in the neighbourhood of 
London, altbough the water rises, it does not reach the surface. In 
consequence of the number of borings drawing water from the chalk 
near London, the water-level has been lowered; and borings have 
now to be made deeper than formerly. Owing to the joints and 
fissures in the chalk allowing a free passage of water, the distance 
which a well or boring drains, when its water-level is depressed by 
pumping, is very great; and thus borings at considerable distances 
from one another are mutually affected by continued pumping in 
any one of them. If aboring in the chalk should not happen to 

up any fissures or cracks, it may supply but a limited quantity 
oF water, or none at all. The London basin is interesting as art 
example of a geological formation with water-bearing strata in 
different rocks at varying depths from the earth’s surface. Most 
superficially are the subterranean waters in the beds of gravel-or 
alluvium of but slight thickness (10 to 30 feet) upheld by the 
London clay. These waters supplied the shallow weélls whith for- 
merly formed so large a part of the water supply of London. ‘After 
boring through the London clay (100 to 400 feet in the neighbour- 
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hond.of. London) water is again reached—or was before these strate 
were exhausted—in the Lower London Tertiaries, beds of sand, 
gravel, or clay of variable thickness (20 to 100 feet) with limited out- 
crops beyond the edge of the London clay, and more or less sur- 
rounding it as they rise from the margin of the basin. The places 
where these beds are best exposed, and from which they take their 
names are Blackheath and Oldhaven, Woolwich and Reading, and 
the Isle of ‘Thanet. 


324.— Why are waters from springs and wells hard ° 


The portion of the rainfall which sinks into the ground becomes 
heavily charged with carbonic acid from the air in the inter- 
stices of the soil, and aided by this and by the increasing pres- 
sure, it dissolves out lime and various mineral salts from the strata 
through which it passes on its way to either springs or wells. 


325.~- What precaution should be taken before entering an old well 
or vat 7 
A lighted candle should be let down, and if it goes out, the air is 
deanly. Many lives have been lost through ignorance ot this little 
fact. * 


326.— Wheat gas is often contained at the bottom of old wells, beer 
vais, and drains 7? 


They often contain an accumulation of carbonic acid gas, which 
is invisible and indorous:to enter any place containing ten per cent. 
of this gas means death. 


CHAPTER III. 
Spring AND LAKE WATER. 


327.—Is spring-water wholesome ? 


Spring-water is, as a rule, very pure, though it is occasionally 
hard ; that from deep springs is the best of all potable waters, being 
® naturally filtered water. It is only when springs are super- 
ficial, or within reach of contamination, that there need be any 
apprehension of their creating or transmitting disease. Fountains 
are imitations of natural springs. Just as water rushes or springs 
€rom any artificial fountain that is supplied through pipes from a 
reservoir at a higher level, no matter how far distant the reservoir 
may be, so water naturally springs from any crevice or porous spot in 
the ground that is supplied through the underground channels with 
Yrain-water which falls on a higher level, no matter how far distant 
that higher gathering ground may be. A spring of this kind may 





* Vide Indian Medical Record, 189), for case of Carbonic acid poisoning with 
Grownitg from this cause communicated by the Author 
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be met at or near the surface of the ground, or at a considerable 
depth, and the same physical law is at work here as in the case of 
artesian wells. In quality, the water of springs js much the same 
as that of deep wells, and it contains usually the same kind of 
gases and solids. Itis clear and sparkling from the dissolved 
carbonic acid gas which it contains. 

328.— Explain the origin of springs ? 

Everyone is familiar with the fact that certain porous soils, 
such as loose sand and gravel, absorb water with rapidity, and that 
the ground composed of them soon dries up after heavy showers. 
If a well be sunk in such soils, we often penetrate to considerable 
depths before we meet with water, but this is usually found on our 
approaching some lower part of the porous formation where it rests 
on an impervious bed; for here the water, unable to make its way 
downwards in a direct line, accumulates as in a reservoir, and is ready 
to coze out from any opening which may be made, in the same 
manner as we see the salt-water filtrate into and fill any hollow 
which we dig in the sands of the shore at low tide. A spring, then, 
is the lowest point or dip of an underground reservoir of water in 
the stratification. A well, therefore, sunk in such strata will most 
probably furnish, besides the volume of the spring, an additional 
supply of water. In other words they are formed by the “ crop- 
ping oat” on the surface of the earth of the impermeable stratum 
which holds the underground water up, ve., prevents it from sinking 
further into the earth. They are natural outlets of underground 
water, and are usually divided into “main” and “ land” springs. 


329.— What are the effects of boring through such an upper 
impervious stratum of rock ¢ 
The water-bearing layers of rock may force the water up the 
borehole to a considerable height. The latent spring is, in fact, 
tapped and made available for use. Good examples of artesian 
wells are met with inthe Thames Valley, and furnish excellent 
water-supplies. On the banks ofthe river Wandle, near Merton in 
Surrey, the water in such wells rises to the level of a few feet above 
the surface of the soil,and by mesns of inverted J-shaped pipes, is 
discharged in such a manner as turn water-wheels. 


330.— What are the characters of spring-waters ? 

These exhibit every variety of composition, according to the 
ecological formation in which they arise. Asa rule the waters 
om all springs are alkaline, and they contain in solution more or 

less carbonates of lime and magnesia; those from the chalk are 
particularly hard, but organically pure. Deep springs are very 
constant in their composition, and do not exhibit markedly signs of 
eeasonal variation. 


331.— Why are springs often intermittent ? 
They are often intermittent, ceasing altogether to flow during 
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the summer, when the underground water is exhausted, and begin- 
ning again in the autumn, pa soon after percolation commences. 
Intermittent springs are also formed where a valley cuts across the- 
highest levels of a large volume of underground water, so that the 
spring flows only for a short period of every year—usually in 

ebruary or March—when the highest water line of the under. 
ground water is tapped by the depression of the valley. The reason 
of this appears to be, that the soil is able to evaporate about 
12 inches of rain inthe six summer months. If the summer rainfall 
is much less than 12 inches, there is no percolation at all; but if 
the rainfall exceeds 12 inches, the difference percolates, and helps 
to replenish the underground waters. In the chalk, about 37 per 
cent. of the entire raintall percolates ;in the new red sandstone 
about 25 per cent.; in the magnesian hmestone 20 per cent; whilst 
in the loose sands and gravels about 90 per cent. of the rainfall 
is said to percolate. 


332 ---What are intermittent springs, or “ bournes,” as they ave 
technically termed ” 


They were formerly supposed to be formed by natural siphons, 
emptying from time to time underground reservoirs of water; but 
no such siphon emptying any underground reservoir has ever, in 
fact, been discovered ; and all the phenomena connected with these 
springs cau be satisfactorily accounted for on simpler principles. 


Such springs are usually found near the chalk, as. e.g., near Croydon, 
and at Assendon. 


333 .— Under what cirenmstanecs are springs good sources of water- 
supply ° 
Springs afford good sources of water-supply for small com- 
munities, such as villages. Main springs are better than land 
springs, both because they yield water throughout the entire 
year, and because they are Jess liable to accidental pollutions, 
the great thickness of strata, through which the water percolates, 
from the surface, effectually oxidising any organic impurities 
it may contain. Such spring-water is usually clear and sparkling, 
well atruted, and of nearly constant temperature throughout the 
‘rear. It generally contains more or less of the salts producing 
iardness, and is, therefore, though palatable and wholesome for 
drinking, less suited for washing, cooking, and manufacturing 
e purposes, than the soft waters. [‘‘ lf the student should like to see 
natural springs yielding many millions of gallons of purest water 
all the year round, flowing quite unused, he should visit the valley 


of Basingstoke, and investigate the springs of the contributories of 
the river Loudon.) 


334.— What are land springs ? 


Land springs are springs of water formed by the percolation 
of water through superficial porous soils, such as sand, gravel, or 
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alluvial earth, overlying impervious strata, such as clay. Where 
the two strata—the impervious and the pervious—crop out to the 
surface, or when the line of junction in the two strata is tapped, 4 
land spring appears. 
385.—Under what circumstances are such springs frequently met 
with ? 

In the carrying out of drainage and sewerage works and 
during the sinking of wells. Their yield of water is uncertain and 
precarious depending upon the extent of available porous-collecting 
area, which may be small. They are, however, frequently replen- 
ished by the percolation from heavy summer showers which do 
not affect deeper springs and wells; but they are also affected by 
season, the yield of water increasing during the winter months, 
October ta March, and decreasing during the summer montha, 
April to September. 

336.— What precaution is necessary in adopting a land spring as 
a source of water supply for a house * 

The yield of water at one particular period of the year— 
especially the yield in the spring—cannot be relied on as to quantity. 
The autumn yield is a safer guide to the abundance of the availabie 
supply. It 1s always safest to gauge the spring several times 
during the year, and more especially during the summer and 
autumn seasons. 

337.— Where are these springs chiefly met with ? 

In regular geological formations, such as the chalk and green- 
sand. 

338.— What are main springs 7 

Main springs are those deep-seated springs whose source is the 
main water percolating through great thicknesses of porous rock 
overlying an impervious stratum, and frequently the collecting 
area is remote from the spring itself. 

339.—Give an example of a locality in which such springs are 
abundant 7 

As an example it may be stated that the Thames Valley is 
surrounded by such df ahig and the earliest municipal enterprise 
of the citizens of London for the conveyance of pure water to the 
City, had for ite object the copious springs at the head of the valley 
of the river Lea. 

3640.— How may pollution of springs be prevented ? 

To guard against pollution, the surface of the soil around the 
point of delivery of a spring should be walled in, and the water 
conducted to the surface by ashort pipe. In some cases it may. be 
necessary to collect the water issuing from 2 spring, and to store it 
in. a reservoir before distribution to the houses of the consumers. 
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341.— What specia’ point deserves attention when depending upon 
wapring fur water-supply 7 
The seasonal variation in the flow. If the selection is made early 
in the year, it may be found in autumn that the yield of the spring 
has been reduced to such an extent as to be altogether insufficient 
for the supply of the house. 


342.— Should a spring be depended upon as a source of supply ? 


Unless the yield of a spring is very much in excess of the supply 
required, it is never safe to depend upon it untilits yield in autamn 
has been ascertained, and even then one may be misled unless close 
regard is paid to the natnre of the season--that 1s to say, whether 
or not the rainfall has been such as to canse an unusual amount of 
percolation. 


343.—Jn estimating the prospective yield of unauntried spring what 
special datum should be conridered 7 


The rainfall of the neighbourhood ; for although the sources 
of deep springs are often in one sense mysterious, viz., that the 
water which feeds them percolates from great distances, and that it 
is often very difficult, if not impossible, to pointout the precise local- 
ity where the rain which supplies this water passes intothe ground; 
at the same time the fact 1s well established that the supply is due 
to rain falling onthe surface of the ground somewhere, and 1s limited 
by the amount of this rain, so that any expectation as tothe amount 

. of water which can be obtained from deep boring, without taking 
this circumstance into account, will very likely result im disappoint- 
ment. 


344.—Whal situations yield the beat springs from a hygienic 
point of view ? 
Those are to be hygienically preferred which issue out of the 
ground at the foot of extensive mountains or plateaus, formed of 
rock penctrable to water, such as sandstone or chalk. 


345.—IJs there any relation between the quality af spring and 
deep well-watera ? 

There is; spring-waters present much the same characteristics 
as the water from deep wells sunk into the same strata as those 
from which the springs issue. ‘The oolitic rocks consist largely of 
carbonate of lime, and being porous and absorbent like the chalk, 
are capable of holding enormous volumes of underground water. 


346.—What substances may be contained in spring, river, and 
well-waters f 

They vary. There may be suspended matters, mineral, vege- 

table, or animal ; dissolved gases, vis., nitrogen, oxygen, carbon 

dioxide, and in some cases hydrogen sulphide, and carburetted 

hydrogen ; and dissolved solid matters, consisting of lime, mag- 

wesia, soda, potassa, ammonia, iron, alumina, combined with chlo- 


6 
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rine, and sulphuric, carbonic, phosphoric, nitric, nitrous, and silicic 
acids. More infrequently, or in special cases, certain metals, as 
arsenic, manganese, lead, zinc, and copper, may be present. 


347.—Why are deep spring-waters so pure ? 


Because deep spring-waters have undergone a very perfect 
natural filtration. 


348.—Is the flow through fissures in chalkicrer utilised as a source 
of supply ? 

Occasionally the flow of underground water through fissures 
in the chalk is employed to furnish an abundant water-supply, which 
may be of considerable organic purity, as for example, at Brighton, 
where the necessary works were devised by Mr. Easton. 


349.—From what other sources besides underground springs may 
drinking-water be obtained ? 


On the Continent of Evrope, and also in America, itis not un- 
common to obtain supplies of drinking-water from underground 
tanks, tunnels, and galleries sunk parallel and in proximity to the 
bed of a river. At Brighton, and other places on the sea-coast, 
little streams of water may beseen flowing seawards from the higher 
part of the foreshore. These are commonly but erroneous] 
supposed to be formed by sea-water which has been dammed bac 
into the porous strata at high-water. But when tested these 
streamlets are found to be composed of fresh water. 


350.—On the whole what may be said of the quality of spring. 
waters ? 


Generally, it may be said that spring-woters, if not of a ther- 
mal, medicinal, epeucey or chalybeute character from the too great 
depth or unusual nature of their constituents, furnish pure and 
excellent supplies of water. 


351.—-What may be said of deep’well and spring-water as sources 
of supply ? 

That preference should always be given to spring and deep well- 
water for purely domestic purposes, over even upland surface- 
water, not only on account of the much greater intrinsic chemical. 
purity and palatability of these waters, but also because their 
physical A Sain render them peculiarly valuable for domestic 
supply. ey are almost invariably clear, colourless, transparent, 
and brilliant, qualities which add greatly to their acceptability as 
beverages; whilst their uniformity of temperature throughout the 
year renders them cool and refreshing in summer, and prevents 
them from freezing readily in winter. Such waters are of inesti- 
mable value to communities, and their utilisation and conservation 
gre worthy of the, greatest efforts of those who have the public- 
health under their charge. , 
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352.— What are the special character of waters of springs from 
chalk districts ? 


Spring-waters in the chalk districts are all more or less “hard,” 
and many of them contain such a large amount of calcium carbon- 
ate in solution as to be unfit for washing purposes. 


353.-—-How much oxidised nitrogen is there in springs and deep 
wells ? 

Water from springs and deep wells contains upon an average 

about 5 parts of oxidised nitrogen per million, shallow well-waters 


from 2 to 200 parts. 
354.—How may we measure the yield of a spring ? 


“ A spring is measured most easily by receiving the water intoa 
vessel of known capacity and timing the rate of filling. The spring 
should be opened up if necessary, and the vessel should be of large 
size. The vessel may be measured either by filling it first by 
means of a known (pint or gallon) measure, or by gauging it. If it 
be round or square, its capacity can be at once known by measuring 
it, and using the rules laid down in the chapter for measuring the 
cubic amount of air in rooms” The capacity of the vessel in cubic 
feet may be brought into gallons if desirable, by multiplying by 
6:23 Ifa tub or cask only be procurable, and if there is no pint or 
gallon measure at hand, the following rule may be useful :— 


Take the bung diameter in inches, by measuring the circum- 
ference at the bung, dividing by 3 1416, and making an allowance 
for the thickness of the staves; square the bung diameter, and 
multiply by 39. ‘Take the head diameter in imches by direct 
measurement, and square it, and multiply by 25. Multiply one 
diameter by the other, and the product by 26. Add the sums, and 
multiply by the length of the cask in inches ; then multiply by 
000031473, and the result is given in gallons.” 


355 —-What is the level of the underground water in relation to the 
sea-coast ? 


The head or pressure of the underground water is always 
forcing, or tending to force, the underground water out of the rock 
at the point where the level of this comes out of the foreshore, 
whence at low-water the issuing water becomes visible. In winter 
the water-level in the soil forms a steeper declivity than in summer, 
when the underground water stands at a lower level in the subsoil. 
By sinking galleries into the chalk behind Brighton, and parallel 
with the line of sea-coast, down to a level with the low or summer 
level of the underground water, the rills of this constantly passin 
seawards through the fissures in the chalk rock are tapped, an 
utilised for water-supply. Further examination shows that where 
the coast is formed of pervious strata, as, for example, chalk, the 


*Panxes’ Practical Hygiene, 7th Ed. 
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level uf the underground water forms a curve, beginning at & point 
between high and low water-level, and risihg as the sea is receded 
from. 


356.—Are such sources alwuys reliable ” 

In adopting such a source of water as has bee. described, 
great care 1s previously necessary to ascertuin that the water 1s 
uncontaminated, since fissures in the chalk are lable to serve as 
conduits for sewage from great distances; and it is these chalk 
fissures which often render a water-supply drawn direct from the 
chalk a polluted or suspicions one. 

357.—What natural waters are best Jor serofuluius constitutions ” 
Those waters contaming iron in combination with other salts. 
358.— Which is the strongest chalybeate spiny in the United 
Kingdom ¢ 

That of Trefrew, in Carnarvonshire, 1s probably the strongest, 
It is especially usetul in chlorosis or ‘ green sickness, or poverty 
of blood in young girls. 

359.— What are the special charucters of Frieditchshall water “ 


‘Friedrichshall water’ is nseful in congestion of the liver and 
kidneys, and as an aperient in constipation of the bowels, Halfa 
pint before breaktast will act as « brisk purgative. 


360.—In what conditions are Vichy waters useful ’ 

‘Vichy waters’ are useful in debility of the digestive organs, 
in gravel, and in gout. Halt a pint to two pints may be taken 
daily. 

361.— What waters are best for gouty and rheumatic people ” 

Those just mentioned are of great benefit and beng aperient 
in action, they suit plethoric people likewise. 

362.—Mention a natural water good for persons who have liver 
disease due to tropical climates ¢ 

The waters of Cheltenham are useful in the diseases of the hyer 
in those who have resided in India and otker tropical climates, 

363.— What are the special characters of Hunyadi Janos water ? 


‘Hunyadi Janos’ is a strong purgative water, useful in obsti- 
nate constipation and ccngestion of the internal organs, 


364.— What are the Bath Springs useful for? 


They sre very beneficial in rheumatic affections, more so ex- 
ternally than internally. (‘The hot springs of Bath were known in 
the time of the Romans. } 

368.— What are the characters of Lake-water ? 


Lake-water, especially in mountainous districts composed of the . 
older rock formations, is generally very soft, containing little 
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mineral matter ; but as it is essentially a stagnant water, and as all 
lakes receive the washings of the districts in which they are situated, 
the amount of organic nitrogenous matter is sometimes very con- 
siderable. Any excess, however, of peaty matter in solution may be 
materially lessened by filtering through sand. Lake-water 
resembles river-water, as lakes are fed by rivers, but may contain 
much vegctable organic matters from their being stagnant. 


366.—IVhy are Lake-waters favourite sources of supply ? 


Becanse fresh water lakes and deep ponds, whose watersheds 
have extents cqual to at least ten times their water surfaces, are 
ordinarily, of all natural sources, least liable to objectionable 
Impregnation in harmfnl quantity When such waters have been 
imprisoned in their flow, by the uphfting of the rock foundations of 
the hills across some resulting valley, or by more recent crowding 
by 12e-ticlds of masses of rock aud earth debris into a moraine dam, 
they are bright and lovely features in their landscapes. and 
fayourite sources of water-supplhies. When such waters are deep, 
and have a broad expanse and bold shores, nature is ever at work 
with rain and wind and sunshine majntaining their natural purity 
and sparkle. 


367 —What are the chief requisites in lakes as sources of supply? 


The prime requisites in lakes, when to be nsed for domestic 
supplies, are abundant inflow and outflow, that will induce a gener- 
al circulation, abundant depth, which will maintain the water cool 
through the heats of summer and hinder organic growth: anda 
broad surface, which the wind can press upon, and roll, and thus 
stir the water to its greatest depths. These arc features opposed to 
quietude, shallowness, and warmth, which are promoters of excesses 
of vegetable and animal life, accompanied by a verv objectionable 
mass of vegetable decay and animal decomposition. Fortunately, the 
shallow waters are oftenest at the upper ends, opposite to the usual 
points of draught from the lake, or in indented bays, along the 
sides whence their vegetable products are least liable to reach the 
outflow condint. 


368 — Wheat are impounding lakes ? 


When supplying Jakes have moderate drainage areas in pro- 
portion to the total volume of water required from them, it is then 
necessary to place the draught conduit below their natural surface, 
or to raise their natural surface by a dam at their outlet, to avail 
of their storuge, thus in a degree changing their condition of nature 
into the artificial condition of impounding reservoirs. 
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RivER-WATER. 
369.— What ave the special characters of river-water ? 


River-water is in most cases softer than spring or well-water. 
It contains a smaller amount of mineral salts, but is often largely 
impregnated with organic matter on account of the vegetable debris 
and animal excreta which find their way into it. Its constant 
movement, however, facilitates the oxidation of organic impurities, 
and this purifying process is aided to some extent by the presence 
of fresh-water plants. It contains about ,4 of its volume of gases 
which are evolved on Doiling or freezing. The amount of mineral 
matter varies from a few grains in exceptionally pure, to 150 grains 
to the gallon, according to the amount of impurity to which the 
water is exposed. 


370.— What are the various forms of impurities met with in river- 
water and what ure their effects ” 


River-water is more or less impregnated with decomposing 
organic material, as well as with the various. saline and mineral 
constituents of the soil washed into the rivers. They are also 
contaminated, not only by the refuse of cities and towns, but also 
by the different specific deleterious waste from chemical and other 
manufactories. This often occurs to such an extent as to kill all 
fish in the river; but except in such special cases, the amount of 
foreign matters is reduced toa minimum by dilution and the con- 
tinual flow of the stream, and also, it 1s considered, by the oxygenat- 
ing effect of vegetable life, and from esposure to the air. Some of 
the purest water is obtained from some of the lochs of Sweden and 
Norway, and from granitic districts, which are practically free from 
organic materia], and contain not more than from five to ten grains 
of saline matter to the gallon. Some rivers contaiv trom 30 to 40 
or 50 grains in the gallon. The most impure and dangerous water 
is that which comes from marshy districts, and from stagnant pools. 
Carbonates and sulphates of line and magnesia are among the chief 
saline matters in waters otherwise pure, and when these are in 
excess the water is said to be hard, curdling soap, and unfit for 
washing, though not necessarily for drinking purposes. The purest 
waters are always soft. When any amount of nitrates are present, 
it is a sign of contamination by animal or other organic matters ; 
and when saline matters in great excess are present, the water may 
be unsuited for particular constitutions, though not otherwise objec- 
tionable. 


“« Except in rare cases, water which holds in solution a percep- 
tible proportion of organic matter becomes soon putrid, and acquires 
ae which are deleterious. It is evident that diarrhea, 

ysentery, and other acute or chronic affections have been induced 
endemically by the continued use of water holding organic matter 
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in large proportions, either in solution or in suspension. It is 
admitted, as the result of universal observation, that the less the 


quantity of organic matter held by the water we drink, the more 
wholesome it is.” 


“* No one has conciusively shown that it is safe to trust to 
dilution, storage, agitation, filtration, or periods of time, for the 
complete removal from water of disease-producing elements, what- 
ever these may be. Chemistry and microscopy cannot and do not 


claim to prove the absence of these elements in any specimen of 
drinking-water.” 


_ “ It is a well received fact, that decomposing animal matter in 
drinking-water is ao fertile producer of intestinal diseases.” 


371.— What are the characters of river-water ? 


River-water ig usually impure and unwholesome. Every river 
igs more or less polluted. ‘They all contain earthy matter. In the 
largest rivers and those that flow rapidly, the water may be fit to use 
after filtration. hey would all contain drinkable water were they to 
be kept in their natural state. When people begin to build a village 
or town, they usually do soon the banks of ariveror near some water 
source; and we know that whenever people gather together in large 
numbers, they pollute the water-supply if it-be from wells, tanks, 
or rivers. If many such towns or villages are on the banks of a 
river, the water flowing by the lowest towns will be altogether 
poisonous. The water of rivers in the vicinity of all large towns 
and cities is grossly contamiaated by decaying animal and vegetable 
substances. 

372.— How may the substances of pollutiny rivers be classified 2 

Into:—A. Organic: B. Inorganic. 


Organic: Sewage, Effluent drainage water from houses, 
manufactories, etc. 

These all agree in holding organic matter, more or less putres- 
cent, in suspension, and the remedy 1s to prevent their discharge into 
the river or stream until they have been subjected to some sort of 
purification such as might be attained by :— 

Intermittent downward 4ltration, or broad irrigation. 


Inorganic : Various salts met within the geological strata through 
and over which the water has flown. 


373.— What are the effects of the pollution of rivers by sewage ? 
1. Renders the water undrinkable by man. 2. Poisons fishes. 
8. Ishurtful to animals. 4, Offensive to senses. 5. Creates disease 
by drinking. 6. Effluvia sometimes cause disease. 


374.—Is river-water softer or harder than that in its tributary 
streams ? 

Generally, it may be stated that a river-water is less hard and 

saline than the water of its tributary streams in the lower part of 
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its course, but it may be much harder and more saline than the 
waters of the upper tributaries, if these flow from a country abound- 
ing in igneous rocks. The chalk held in solution by carbonic acid 
in the contributory springs becomes in part thrown out of solution 
by the escape of carbonic acid on the exposure to atmosphere during 
flow in the river, and this tends to diminish the ae oa of the 
water. 
375— Are the characters of river-water uniform ? 


They are not; for they vary considerably even in different parts 
of the same river. Fed from a variety of sources, river-water 1s even 
more complex in its constitution than spring-water, it is also more 
influenced by the season, and by circumstances connected with 
season, such as the melting of snow or ice, rains and floods, etc. 
The water taken on opposite sides of the same river has been found 
to differ slightly in composition. (Parkrs’ Praetical Hygiene.) 


376.— Wheat are the causes of variation in the characters of river- 
water at different sources ? 


Nearly all large rivers are charged with silt during the rains. 
The upper part of their course, where the natural fall of the coun- 
try is great and the flow of the river or stream high, this salt is 
carriea forward by water holding it in suspension, and the action on 
the stream 1s generally erosive, and tends to lower the bed, but as 
the river reaches the plains below, the velocity gradually diminishes, 
and at last falls below that necessary to carry on the silt which 
thus becomes deposited. ‘he effect of this is to raise their beds and 
cause them to be constantly shifting thetr course. and also to raise 
the ground on both sides of their banks often for a considerable 
distance by successive deposits of silt when they overflow their 
banks. [Most river-waters partake of a inixed character, for they 
are derived both from deep springs ard from the rainfall flowing 
off the watershed through which the river runs. The composition 
of river-water exhibits distinct seasonal variations. At times of 
greatest rainfall a river is most impure, and at times of least rainfall 
most pure. | 


377 —What are the objections to river-water ? 


1. The increase of temperature of the water in sniamer; bnt 
this disadvantage may be obviated by the use of ice, and in England 
this is not a weighty objection as the mean annual temperature of 
river-water is not high. 


2. Turbidity at certain seasons especially at freshets, causing 
eons up of clay and other forms of mineral matter and organic 


3. The water is colourcd if from peaty localities. 


4, Pollution from sewage and from the solid and liquid refuse 
manufactories, 
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The objection to the river being a carrier of sewage and a 
source of water-supply is obvious. 


378.—May we obtain a good supply of water from the “ Subter- 
ranean lakes” adjacent to rivers ? 


We may ; it is a well known fact that bordering upon all rivers 
there are found at intervals narrow plains of gravel or sand brought 
down and deposited there by the river under the varying positions 
of its channel way. When these beds of gravel extend to a depth 
below the bottom of the neighbourmg stream, they will always be 
found saturated with water which is partly, at least, derived from 
that stream, and however turbid the water of the river, this under- 
ground flow will always be found clear, provided that we tap it ata 
reasonable distance from the channel way. 


379.— What is there peculiar about mountain river-waters ” 


They are hard, containing salts of lime and magnesium, which 
are washed out of the soil in the bed of the river by the action of 
the excess of CO,, dissolved in the river-water. 


380.-— What is the average hardness of this water ’ 
Fifteen degrecs (chiefly due to chalk). 


381.—What are the more important inorganic impurities added 
to rivers ? 
The inorganic metals from mining operations and metal manu- 


factories, and, of course, the salts dissolved out of the bed of the 
river. 


382.—Under what conditions do streams yield a good and a bad 
supply of water respectively ? 

Streams close to their sources, passing through Jand not culti- 
vated, and devoid of human dwellings, are good sources of water- 
supply; but streams and rivers passing through cultivated valleys, 
with towns and villages on their banks. furnish waters which must 
invariably be regnrded us suspicions in quality, and in point of fact 
such waters are often dangerously polluted. 


383.— What is the effect of the monsoons on the water of rivers ? 


During the monsoons the rivers look muddy They then flow 
with greater rapidity and silt up the debris of mineral, vegetablo 
ard (often) animal matter from the bottom. At this time also, 
the rain-water conveys into the rivers a considerable quantity of 
earth and organic matters. 


384.— How may we effect the removal of the gross impurities from 
such waters ? 


A muddy appearance does not disqualify water for drinking 
purposes. If the muddy water is allowed to stand in a vessel for 
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a time, the mud goes to the bottom because it is heavier than the 
water. We can expedite this precipitation by adding a little alum.* 


385.— River-water is hardest near its source: why ? 


Because in its onward flow, as it rolls over rocks and uneven 
surfaces, it is considerably agitated whereby a large share of the 
CO, it dissolved out from the interior of the earth, is evolved, and 
‘those lime and magnesium salts which this excess of CO, held in 
solution are in consequence precipitated. 


386.— What difficulty is experienced in the Hoogly River (Calcutta) 
tn this respect ? 


It has been discovered that in the filtering through sand of the 
Hooghly water at Calcutta, during the rainy season, the fine mud 
brought down peretrates very deeply into the filters, and rapidly 
chokes them, in the dry season this does not happen: the suspended 
matters are arrested, as in England, near the upper surface of the 
sand. Mr. D. Waldie (Journal of ‘the Asiatic Society of Bengal for 
1873, Part IL., p. 210) explains this by showing that in the rainy 
season the water contains much less saline matter than in the dry 
season ; it is this saline matter which scems to act on and so cause 
coherence of the particles of mud, so that they become larger and 
coarser, and are more easily arrested. In order to remedy this, 
Mr. Waldie proposes the addition of substances to the water during 
the rains, which may cause this coalescence; he has tried a great 
number of experiments with different substances, and on the whole 
crystallised alum and perchloride of iron are the best; 55°4 Ib. of 
crystallised alum, or 1915 Jb. of perchloride of iron, were found to 
be necessary for the clarification of one million gallons of muddy 
‘Hooghly water during the rainy seasons (PARKES). 


387.— What mechanical disadvantage 13 there against river-water 
as a source of supply ? 


[t has frequently to be pumped up to the reservoirs. 
388.—Does this objection invariably hold good ? 


It does not; in the large majority of cases water-supply from 
a river can be led into storage reservoirs without pumping, that is, 
‘by gravitation alone, provided the intake is placed far cnough up 
the river ? 


389.— What are the objections to the use of river-water for domestic 
supply ? ‘ 

Most streams are open to the objection that they are liable to 

become turbid at certain seasons, especially in times of freshet, and 

are also liable to become coloured when the stream flows through a 
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*The Strychnos potatorum is successfully used in Bengal for this Sar 
¥t is usually rabbed on the inner surface of the veseel before filling with the 
muddy water of the Ganges. 
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peaty region. The most important objection is their liability to 
pollution by becoming carriers of manufacturing refuse or of the 
sewage of towns. 


390.—Docs a fouled stream or river affect the health of those diwell- 
ings adjacent to it ? 


It does. There are strong presumptive grounds for believing 
that emanations from streams polluted by fecal matter may be 
injurious to the health of inhabitants living on their banks. It is 
stated that in the case of certain observations made on the snbject, 
many of the inhabitants so located were pale, and suffered from 
dyspepsia, and that cases of fever, when they occurred, were 


tucreased in severity. In other instances, however, no such effects 
have been traced. 


391.— What is the general result of the solvent power of the water 
of rivera and springs ” 

That the water of springs and rivers often contains a great 
number of constituents—some 1mm very small, others 1n great amount. 
Some waters are so highly charged as to be termed mineral 
waters, and to be unfit for drinking purposes, except as medicines. 
The impurities of water are not so much influenced by the depth 
of the spring as by the strata it passes through. ‘The water of a 
surface spring, or of the deepest artesian well, may be pure or 
impure. 

392.— What may be said in regard to the temperature of the water 
of aprings ? 

The temperature of the water also varies, and is chiefly 
regulated by the depth. The temperature of shallow springs 
alters with the season; that of deeper springs is often that of the 
yearly mean. In very deep springs, and in some artesian wells, the 
temperature of the water is high. 


393.—How much organic nitrogen in liquid refuse is aliowed to be 
poured into rivera 7 
Not more than 3 per 100,000 parts. 


394.— What is there peculiar about the effects of refuse from mines 
when flowing continuously tnto rivers 7 


The matters and refuse added may choke up the bed and divert 
the stream. 


395.— How does solid refuse affect rivers ? 
Tt alters the shoaling, channel and bed. 
396.— Why are large mantufuctories usually situated near rivers ¢ 


On account of the easy access to water for the trade ; the easy 
disposal of the trade refuse ; easy transportation of goods, and the 
available water (hydraulic) power. 
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397.—By what meane did the Rivers Pollution. Commissioners 
recommend that the efluent be purified ? 


Perfect rest in subsidence ponds for 6 hours. 


398.— What is the standard of impurity permitted by the Rivers 
Pollution Commissioners ” 


1. They recommended the condemnation of:- any water ‘con- 
taining 1 in 100,0C0 parts ot organic ma:ter, and water containing 
3 in 100,000 parts of inorganic mineral matter; 

2, Any liquid containing more than 2 parts per 100,000 of 
organic carbon, 3 parts per 100,000 of organic nitrogen ; 

3. Any liquid which exhibils by daylight a distinct colour 
when a stratum of one foct deep is placed in a white vessel; 


4. Any liqnid contvining more than 2 parts per 100,000 of any 
metal, except, Cu, Mg, A, and Na; 

» Any lquid contaming more than ‘05 per 100,000 parts of 
metallic poisons; 


6. Any liquid which, after acidification with H, So, contains 
more than | per 100,000 parts of free chlorine. 


399.— Are the effluents from metallic factories important ? 


The pollution from nickel works, iron works, cutlery, brass 
foundries, and electru-plate factories are, as a rule, unimportant. 
Nevertheless it should be remembered that the effluent frum many 
metal factories is very acid and corrosive, dissolving cement, and 
loosening brickwork of sewers. 


400.— What is the remedy for preventing the refuse fluids of 
mines fouling water of rivers 7 
The remedy is rather preventive than curative. Most of the 
matters are in suspension, The way frequently adopted 1s to cause 
the very foul refuse liquids to pass into pits with overflow after 
subsidence. 


401.—How may the refure lynids af trades and sewage be 
purified sufficiently to allow them to pass into rivers ? 


1. By subsidence tanks with cfluent flowing into river ; 


2. By means of intermittent filtration and irrigation. It 
should be specially remembered, however, that these two processes 
are only applicable to refuse liquids containing animal and vegetable 
matter. 


402.— The water of large rivers is less impure than that of small ; 
why is this ? 


In large rivers the poisons are in a more dilute form, the flow 
is more rapid, and the water mixes with a great quantity of air,— 
the oxygen of the air acting az a purifying agent. 


a> 
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403.— Should sewage be allowed to pass into rivers ? 


e 

Certainly not, and especially in the unpurified condition. No 

river in England is long enough to oxidise any inordinate amount ; 

and mere filtration will mot remove the poison, though it may 
clarify the sewage. 


404.—LFEeplatn the origin of villuges and towns on the bunks of 
rivers ? 

When people begin to binld a village or town they usually 
select a site in proximity witha reliable water-supply. The banks 
of a river are, therefore, most frequently chosen. In gathering 
together in large numbers, they pollute the water. Jf many such 
towns or villages are on the banks of ariver the water flowing by 
the lowermost villages or towns will be altogether poisonous. 


405.—Asaiule where do towus get the water for thety population ? 


From rivers above the inflow of the sewage. [But the uext town 
lower down must get its supply from their diluted sewave water if 
it is allowed to flow into the river, which in @ large number of cases. 
is unavoidable. | 


406.— How are the organic Gnpurities of streams yot rid of 7 


To a certain extent organic impurities in streams are got rid 
of by oxidation and by the growth of plants and other organisms ; 
but this possibility of subsequent partial purification cannot justify 
the gross pollution of a stream at any given point. Ina tew cases 
the purification is complete, but in no case can there be any cer- 
tainty of the destruction of specific pollution, a consideration 
which is especially umportant when the stream furnishes the water- 
supply of districts nearer to its mouth, Most of the rivers m 
matutacturing districts are converted into mere sewers by this 
misuse, which the Rivers Pollution Act has been powerless to 
completely prevent. 

407 .— How is sewage purified in revers ? 

The oxygen dissolved in the water oxidises the organic matter, 
the green colouring matter of aquatic plants gives out oxygen in 
the nascent state, which does the same but more vigorously, the solid 
and suspended organic matter is consumed by fishes and other 
aquatic animals, the rest of the organic matter gradually subsides; 
and lastly the large volume of water contained in the small volume 
of,sewage helps to dilute the organic matter. 


408,— Has running water any power of intrinsic depuration if once 
rendered impure ? 

Many authorities hold that running water has an intrinsic 
power of purification, that the oxygen of the air dissolved in the 
water is sufficient to oxidise and render harmless all the organic 
matter contained. Were the impurities limited, doubtless this 
would hold good, but on the banks of all large rivers, towns are 
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situated one below the other, so that there is scarcely time for 
one source of contamination to be rendered innocuous, before 
others are added. Upon this point an interesting experiment was 
carried out to show the fallacy of such a view. Distilled water, 
to which @ varying quantity of sewage was added, was caused to 
circulate automatically in a specially constructed small circular 
metal drain. After it had traversed the drain a number of times 
representing a distance greater than that of any river in England, 
the water was found to be still impure. 


409 .— Mention a special instance in which this is well seen 


The purification of the waters of the river Rhone during their 
passage through the Lake of Geneva. The turbid and organically 
polluted water enters the head of the Jake, having much the appear- 
ance of road-washings, and the clarified and purified water is seen 
to issue from the lake at Geneva as a beautifully pellucid and 
magnificently blue stream. [But even in this case the separation 
of solid particles achieves a further result, for dissolved organic 
matters are in some way carried down with the deposited mud ] 


410 —What agencies are ut work im effecting the depuration of 
river-uater contaminated by sewage or other organic 

liquid 7 
When sewage or other polluting liquids are discharged into 
rivers, they are more or less diluted with the river-water, the 
amount of dilution depending on the comparative volumes of 
sewage and river-water which are thus mixed together. If the 
river, into which the sewage is discharged, consists of clean and 
hitherto unpolluted water, the atmospheric oxygen dissolved in it, 
which is chemically much more active than the oxygen of the air, 
will, to a certain extent, oxidise the organic matters of the sewage. 
If, too, the dilution of the sewage with clean water is considerable 
plant life is not interfered with, but continues to give off oxygen, 
re-oxygenating the water and enabling the process of purification 
by oxidation to continue. No doubt, too, as the oxygen dissolved 
in the water is used up, and fresh oxygen is absorbed from the air. 
Besides water plants, minute animals (infusoria, anguillulide or 
water worms, cntomonsraca or water fleas, ctc.) aid the process of 
purification by feeding on the organic impurities of sewage. These’ 
organisms are found in countless numbers in the polluted reaches 
of rivers. Fish, too, if the pollution is not sufficiently great to cause 
much diminution of dissolved oxygen in the water, feed on some of 
the elements of sewage, and aid in the process of purification; and 
if the current is sluggish, or in the deep and quiet pools of a rapid 
stream, the suspended matters of the sewage will be largely de- 
posited. The result of all these processes is that, under certain con- 
ditions and within certain limits, streams and rivers which have been 
poHuted are capable of undergoing a certain amount of self-purifica- 
tion. The extent of this is, however unsettled, in other words, its' 
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greater or less completeness within a certain distance of flow, is 
still a matter of doubt. The Rivers Pollution Commissioners 
(Sixth Report) came to the conclusion, as the result of their experi- 
ments, that “the oxidation of the organic matter in sewage proceeds 
with extreme slowness, even when the sewage is mixed with a Jarge 
volume of unpolluted water, and that it is impossiblo to say how far 
such water must flow before the sewage matter becomes thoroughly 
oxidised. It will be safe to infer, however, that there is no river in 
the United Kingdom long enough to effect the destruction of 
sewage by oxidation.” On the other hand, several eminent chemists 
have expressed their belief that a flow of even a few miles is suffi- 
cient to free a river of all trace of sewage contamination. 


The truth of the matter appears to be, that under favourable 
conditions, when the dilution of the sewage with clean water is very 
considerable, and the oxidation and purification exerted by aquatic 
animal and vegetable hfe can have free play, a stream or river 
especially if it undergoes agitation and exposure to the air by flow- 
ing over rapids or by falling over weirs, 1s capable of being so far 
purified, that, although it may never quite regain its original purity, 
it becomes at least very much improved. Practically, however, in 
England, streams and rivers are not allowed a chance of  self- 
purification. ‘The pollution is almost continuous from their sources 
to their mouths.”* 


411.— What effect has rise of temperature on this process of depura- 
tion ? 


A considerable rise of temperature will produce a like result on 
rivers which are having their purifying powers tested to the height 
of their capacity. Purification goes on so long as the weather is cool, 
but with a rise in temperature, bacterial growth is stimulated, and 
decomposition scts in, replacing the oxidising pao This 
happened to the tidal portion of the Thames in the Summer of 1884, 
resulting in a condition of things which the Royal Commissioners 
on Metropolitan Sewage Discharge stigmatised as “ a disgrace to the 
Metropolis and to Sivilization?” Inthe North of England, the” ~~ 
and Merscy are so polluted with sewage and manufacturing refuse 
from the towns on their banks, that purification by oxidation may 
be said not to exist in these waters, which carry their filth and 
refuse unacted on and unchanged to the sea. 


412.—It is stated by some that water, stagnant or flowing, once 
contaminated can never become sufficiently pure to be 
consumed. How far is this assertion borne out by facts ? 


The injurious action of water contaminated by the specific 
poiaons of disease is said by many to be unlimited both as to time 
and space—that once a water receives even a small specific contam- 
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ination, itis ever afterwards dangerous, no matter how loug or 
far it may flow or percolate. This is a very sweeping statement, 
and is coutradicted by the fact of the proved wholesomeness of many 
waters that have been specifically contaminated. Indeed, were 
such an extreme view as this to be true in India, we should for ever 
be in danger of falling victims to fatal disease, tor almost all rivers 
and wells are so contuminated. 

With regard to the origin of certain diseases said to be due to 
fungi, it isquite possible that it is only when a water coves 
these germs is undergoing progressive deterioration, and expose 
to certain conditions of weather capable of bringing about the multi- 
plication of the germs that these diseases arise. 

413.— Who were the great supporters of the self-purification 
theory of running water ” 

The late Drs. Letheby and ‘Tidy were the strongest supporters 
of this hypothesis, which has also received the support of Dr. 
Odling. Neverthless, 1t must beadmitted that the experience of 
1866 with respect to cholera—the last visitation of that disease in 
England in an epidemic form—is insutficient to enable a satisfactory 
conclusion to be drawn, affirmatively or negatively; and more recent 
experience appears to show that a flow of several miles ina river is 
insufficient to destroy the activity of the poison of typhoid fever. 

414.— What was the opinion of the Rivers Pollution Conmisstoners 
in regard to river-weter aaa source of public water- 
supply ? 

The Commissioners (Sizih Iteport, p. 418), while admitting 
‘that the drainage-water from arable lands is preferable to that 
from pollated shallow wells, apparently were of opinion that river- 
water is inadmissible as a source of town supplies, a conclusion 
which is far too sweeping. 

415.— Who were the great opponents of the non-denuration of 
previously polluted river-water ¢ 

Dr. Frankland andthe Rivers Pollution Commissioners, in their 
celebrated ‘ Sixth Report’ have thrown doubts on the self-purifying 
power of streams through the agency offree atmospheric and dis- 
solved oxygen, etc.; but this position has been in part at least 
successfully contested by Odling, Letheby, Tidy, and others; and 
Dr. Frankland himself has apparently seen his way to modify his 
(previous views as to the oxidising power of dissolved oxygen. 

416.—What ie Dr. Frankland’s views in regard to the self-purifi- 
cation of running river-water ? 

He stated that there is no river in the United Kingdom long 
enough to purify its waters spontaneously if they have once become 
-contaminated with sewage, a statement to which, without very material 
qualification, few would venture to subscribe in the present day.® 


*Bee Franxiann’s Applied Chemistry, p. 662, ‘ 
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417.—What would appear to be the true atatement of the case ? 


The truth appears to be that rivers are able to get rid of their 
Sewage pollution by the combined agencies of oxidation, growth of 
vegetation, and the activities of organisms such as bacteria and 
the lower forms of vegetable growth ; and there is practical but not 
ubsolute safety, if the polluting material be not introduced in ex- 
cessive proportion, and the river have a free flow otf several miles, 
especially over a rocky bed and weirs, sous to subject the water to 
agitation and consequent abundant aération. What has just been 
kaid must not be taken toimdicatethat the pollution of a river-water 
by filth 1s of no consequence provided there be a good flow of a few 
miles before the intake of a drinking water-supply is reached. It 
would appear from a perusal of the writings of the best-known 
authorities on the subject that the danger accruing from the use of 
river-water which has been previously contaminated has been some- 
what overrated. Nevertheless we consider, that rivers which have 
received sewage, even if that sewage has been purified before its 
discharge, are not safe sources of potable-water. 


418. Are laborutory experiments ou the effecta of free oxygen on 
running-rater comparable with the watural processes of 
oridation ” 


hey are not comparable, because the conditions are not 
sitnilar. Jn Jaboratory experiments ordinary free oxygen, and, 
still less, atmospheric air, oxidise putrescible organic matters when 
in dilute solution only slowly ; under natural conditious. where water 
is ¢xposed to an enormous and practically unhmited velume of 
atmospheric air, the result is apparently different. and it is probable 
that atmospheric ozone and peroxide of hydrogen may have much to 
do with the effective oxidation of the nitrogenous organic substance 
present in the polluted waters of rivers ‘These oxidising agents 
can have, however, little or nothing to do with the ovidation of 
organic matters inthe soil, and im the water percolating into the 
subsoil. Here a different agency comes ivto play. 

419 — Is if scientific to term the depuration of river-water a self- 
purification ? 

It is not; the so-called self-purification of flowing water is, 
strictly speaking, ® misnomer, for, in all instances where self- 
purification occurs, the purification 1s effected by sonie other agency, 
except perhaps in one case—that of the pnrification of a water by 
subsidence, or the acparation of solid suspended particles by simply 
allowing the water to cume to rest. 

420.—W hat conclnaions did the late Dr, Tidy arrive at in regard 
to the self-purification of se.age-polluted rivers ? 

1. That when sewage is discharged into running-water, provid- 
ed the primary dilution of the sewage with pure water be sufficient, 
after the run of a few miles, the precise distance of travel being 
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dependent on several conditions, the removal of a large part of the 
organic impurity will be effected. 


2. That whatever be the actual cause of certain disease, 2.e., 
whether germs or chemical poisons, the materies morbi which find 
their way into the river at the sewage outfall are destroyed, together 
with the organic impurity, after a certain flow; and. lastly, that 
vegetable matter deposited in the bed of a stream undergoes a 
fermentative change, and one of the products of this change is 
marsh gas, so abundantly liberated on stirring the bed of any 
muddy ditch. This, then, is another mode by which organic matter 
may be converted into harmless inorganic forms of matter. 


The late Dr. Tidy, who was one of the strongest defendants of 
the potability of river-water, even after the influy of sewage, altera 
review of all the facts, thus summarised his conclusions: ‘These 
conclusions were formulated before the bactcriology of specific 
diseases was developed ; but observation appears to show that a 
flow of 20 miles in a river is not sufficient to destroy the germs of 
typhoid fever. Dr Barry, in arecent report to the Local Govern- 
ment Board, expresses his opinion that a flow of 40 miles at least is 
necessary after an irruption of sewage in order to render the river- 
water 2 desirable supply for drinking purposes. He bases his 


inion on an outbreak of typhoid fever following an irruption of 
th into the Tees. 


4231 .—~Ja the process of nitrification active in rivers ” 


Nitrification, which is effected by one or more micro-organ- 
isms, is not # very active process in running-water, and it is a mode 
of changing organic into inorganic matter, more effectively going on 
in soils than in rivers and other water-courses. Nevertheless the 
natural purifying agencies ordinarily going on in streams are in 
the aggregate considerable, and generally effective. 


423.— How do fishes help to effect the depuration of serage-polluted 


streanis 7 


Where fresh sewage flows trom a sewer into a stream, the 
mouth of the sewer becomes the feeding-place of numerous small 
coarse-feeding fishes, which greedily devour, and convert into food 
for larger fishes, the scraps of muscular fibre and other debris which 
would otherwise decompose and pollute the stream. Minute particles 
of solid organic matter may, and probably do, serve as the food of 
minuter forms of aquatic animal life, and thus indirectly serve as 
food for fish. (The mud banks of the Thames estuary are the 
habitat of the fine flat-fish, eels, and molluss which serve the 
London market. } 


423.— Ie putrid sewage similarly consumed by fishes ’ 


It is not; putrid sewage-polluted streams are shunned by 
aquatic animals, and it is known that stinking streams do not readily 
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undergo self-purification ; for instance, witness the Thames, though 
here the saltness of th: water below London Bridge may cause the 
water to have a preservative effect on the molecules of undecom- 
posed and decomposing sewage. 


424.—Can we define the extent tu avhich cach of these natural 
processes purify water ¢ 
We cannot. The extent to which subsidence, oxidation, and the 


presence of animal life are respectively potent in bringing about the 
purification of our rivers, is at present quite unknown. 
€ 


425.— What effect on the purification of river-water have growing 
green plants ? 


Such plants, even those of a low type, are capable under the 
influence of sunlight, of effecting vast changes in the character of 
a water. The cleaning out of tanks and ponds, so as to free them 
from weeds, has been known to render the water of such reservoirs 
more impure, by depriving them of a most active agent of purifica- 
tion. The oxygen given off by growing green chlorophylliferous 
plants is probably like other forms ot nascent or atomic oxygen, 
peculiarly active as an oxidiser; and this oxidation of nascent 
oxygen may be one of the most valuable agents for effecting the 
oxidation of dissolved and minutely-divided solid forms of organic 
matter. 


426.— What is the effect of the small quantity of iron contained in 
all naturul waters, and hoe does putrescent sewage 

affect it ° 
It is probable that the salts of iron, always present in natural 
waters in very minute quantity, act in some measure as carriers of 
oxygen. Putrescent sewage reduces these salts to the lower stage 
of oxidation of ferrous salts—e.g , ferrous sulphide ; and these, under 
the influence of dissolved oxygen, become converted into ferric 
or more highly oxygenated salts, which again give up their oxygen 
to organic matter, and are again reduced to the state of ferrous 
salts. Whether this be the proper interpretation of the matter or 
mot, it is possible that free oxygen is capable of effecting the rapid 
purification of streams, notwithstanding the adverse laboratory 
experiments of Dr. Frankland. Some think that igdine compounds, 
also rarely entirely absent from terrestrial waters, act as carriers of 
oxygen, by their alternate oxidation into iodates and reduction to the 

state of iodides. 


?.—By what other process is river-waters said to be puriyied ? 


They are also said to be purified by dilution. It is doubtful 
whether this purification ever takes place, except in so far as an 
impure water, by admixture with a purer water also well aérated, 
ia dicished with the oxygen necessary for the destruction of impu- 
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rities. It should not be forgotten, that when «a relatively small 
quantity of a polluted liquid is mixed with a large quantity of water 
of moderate purity, the added impurity may not increase the 
impurity of the latter to such an extent as to render its assured 
detection possible to the chemist. 


428.—What changes occur when the amount of sewage added to 
the river-water is Leyond the power of natural processes 
to defecate ? 

When the river, into which sewage is discharged, is already 
much polluted, or if the dilutign is not sufficiently great, oxidation 
and purification are brought toa standstill. The dissolved oxygen 
is greatly diminished in amount, animal and vegetable aquatic life 
is injuriously affected or destroyed, and putrefaction sets in. The 
bacterial agents of putrefaction are the only organisms which can 
flourish under such conditions; decomposition and fermentation of 
organic matters are started, with the production of foul gases; the 
bed of the river becomes silted up with decaying matters, which, 
buoyed up by gases, occasionally rise to the surface to sink again, 
and a most serious nuisance results. 

429.— What Pa the effects of river-pollution by wipeurified seu- 
age 


1. Sewage renders the water undrinkable by man; 

2, Poisons fishes ; 

3. Is hurtful to animals; 

4. Offensive to senses ; 

&. Creates disease if used for drinking purposes—sometimes 
epidemic disease ; 

6. The effluvia themselves sometimes cause disease. 


430.— What may be said with regard to permitting sewage to gate 
access to rivers 7 
The use of the same stream as a carrier of waste and as a source 
of supply is to be deprecated, and, on this account, it is manifestly 
unjust that one town should be allowed. at its own option, to dis- 
charge its sewage intoa stream which, lower down in its course, 
would otherwise efford suitable drinking-water to other towns. 
431.—Give a specific instance of gross pollution of river-water ? 
The following is a quotation from one of the English reports 
with reference to the rivers Aire and Calder :— ‘ 
“ These rivers and their tributaries are abused by passing into 
them hundreds of thousands of tons per annum of ashes, slag, and 
cinders, from steam-boilers, furnaces, iron-works, and domestic fires ; 
by their being made the receptacle, toa vast extent, of broken pottery 
and worn-out utensils of metal, refuse brick from brick-yards and 
old buildings, earth, stone, and clay from quarries and excavations, 
road-scrapings, street-sweepings, etc., by spent dye-woods and other 
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solids used in the treatment of worsteds and twoollens, by hundreds 
‘of carcasses of animals, as dogs, cats, pigs, etc., which are allowed 
to float on the surface of the streams or putrefy on their banks ; and 
by the flowing in, to the amount of very many millions of gallons 
per day, of water poisoned, corrupted, and clogged by refuse from 
mines, chemical works, dyeing, scouring, and fulling worsted and 
woollen stuffs, skin-cleaning and tanning, slaughter-house garbage, 
and the sewage of towns and houses.” 


432.—How ia the volume of flow or discharye of a stream of water 
expressed ” 


In units of volume per unit of time. 


433.— Describe another method of calculating the discharge from 
strewn, 


A much more accurate and satisfactory method is to measure 
the actual discharge of the stream at the same time that the rain- 
gauge observations are made, aud so to find the actual proportion 
of available water to total rainfall. 


434.-— How may the yield of an averaged-sized stream be calcue 
lated ? 


In the case of an averaged-sized stream, a rough approximation 
of the yield may be obtained by taking breadth anddepth at sev- 
-eral distances in a short section of the channel which is tolerably 
uniform, and thus ascertaining the average sectional area. 


436 .— Tow is the meun velocity ina stream ascertained ? 


The mean velocity of a stream at a given cross section is found 
by dividing the discharge or volume of flow by the area of cross- 
section, and is mos conveniently expressed in feet per second. In 
ordinary cases the least, mean, and greatest velucities may be taken 
‘as bearing to each other nearly the proportion of 3,4 and 5. In 
slow currents they are as 2, 3 and 4. 


436 .—JVhat are the three chief ways of ineasuring the discharge 
af a stream 7 


By weir-gauges, by current metres, and by caleulation from the 
dimensions and declivity. 
e 


437 .— Which is the moat accurate ” 


The use of weir-gauges, but it is applicable to small streams 
only. [The flow of water in smull streams is usually gauged by 
means of a notch-board. The board must be made to act as a water- 
tightdam, serving to retain a pond of still-water, the level of which 
may be accurately ascertained. Ifthe water above the notch-board is 
stilt, but has a sensible velocity of approach towards the notch, this 
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velocity must be regarded in calculating the quantity of water pass- 
ing over. The notch should present tothe stream athin edge formed 
by chamfering the board on the down-stream side. The height of 
still-water above the sill of the notch may be ascertained from a 
scale previously adjusted on a stake driven in the bed of the stream 
above the dam. ‘The notch should be nearly of the full width of the 
stream, the better to allow for the passage of larger volumes of water, 
and there should be a clear rnnaway from the notch board, to pre- 
vent the tail water rising and drowning the notch. Great care 
must be taken also to prevent leakage round the end or under the 
bottom of the board. Observations should be taken never less fre- 
quently than once a day, and at shorter imtervals as the drainage area 
is smaller and more precipitous, for the falls of rain are then more 

uickly felt and pass sooner away. The most satisfactory, because 
the only correct method of ascertaining the flow is, to make it with 
its variations self-recording. ‘This may be accomplished by any 
means which will register the variations in the level of the still- 
water above the notch upon a revolving drum actuated by clock- 
work. The width of the notch, the head of water, and the time for 
which that head has been maintained being all known, the quantity 
tee oerace during that time may be ascertained by a simple calcu- 
ation. | 


438.—How may we estimate the yield of a small stream ’ 


By receiving the water into a capacious vessel of known dimen- 
sions and noting the time it takes to fillit. It is important that 
the estimate be made at the time of the lowest yield of the stream. 


439.—Wahet then are the diferent ways in which we moy estimate 
the yield of a small stream or waler-course ? 


When it is required to ascertain the yield of any small water- 
course with some nicety, itis the practice of enginecrs to dam up 
the whole etream, and convey the water by some artificial channel 
of known dimensions. 

1. A wooden trough of a certain length, in which the depth of 
water and the time which a float takes to pass from one end to the 
other is measured. 


2. A sluice of known size, in which the difference of level of the 
water above and below the sluice is measured.* 


4 








* Discharge of rater through a sluice,-- Multiply the breadth of the opening 
by the height ; this gives the ureu of the sluice. 


Discharge-area, multiplied buy five times the square root of lead of water in 
feet.—The head of water 1s the difference of level of the water above and below 
the dam, if the sluice be entirely under the lower level; orthe height of the 
pepper level above the centre of the opening, 1f the sluice be above the lower 
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3. A weir formed by a plank set on edge in which a rectangular 
notch is cut, usually one foot in width ; over this the water flows in 
a thin sheet, and the difference of level is measured by the depth of 
the water as it flows over the notch. Then by means of a table the 
amount of water delivered per minute is read off. The weir must 
be tormed of very thin board and be perfectly level; a plumb-line 
has generally to be used.* This plan of reasuring the yield of 
water-courses is the one now most generally adopted by engineers. 


When it is required to ascertain the yield of any smal] stream, 
it is usual to employ a weir-gauge to dam up the water into a pond 
behind, and allow it to flow through a sluice or over a sill of known 
dimensions. In the case of an average-sized stream, a rough 
approximation of the yield may be obtained by taking the breadth 
and depth at several distances ina short section of the channel 
which is tolerably uniform, and thus ascertaining the average sec- 
tional area. ‘The surface velocity may then be taken by noting the 
time occupied in floating a light object such as a chip of wood over 
the selected distance, and as four-fifths of the surface-velocity are 
about equal to the actual velocity, the yield in cubic feet or gallons 
per second, can be easily culculated. 


[We add about ‘25 to the rapidity of flow as the float indicates 
the rapidity of the surface flow and not the actual flow itself which 
is grentest about the mid depth of the stream. The float should be 
placed away from the bank as the friction near the bank lessens 
the velocity.t+] 


440.--In making such a calculation what precaution has to be 
particularly observed ? 


‘That the numbers multiplied are brought to the same denomi- 
nation—all in either cubic inches or cubic feet. 


441 .— Ju the case of spring ov small river, ix one observation as 
tu yield anfficient ” 


It is not; the yield of a spring or small river shonld be deter- 
mined several times, and at different periods of the day. 
* Discharge of water over a weir I foot in length.—If the weir is more or 
leas than » foot, multiply the quantity in the table opposite the given depth by 
the length of the weir in teet, or decimals of u foot. ’ 


Depth falling over, = Discharge per Depth falling over, Discharge per 


. inches. minute, inches. , minute. 
: 170 cubic feet. 4 : 19-70 cubic feet. 
1 oo HB ,, 8 . 462,  ., 


“ 
Moo. 06.) UBB, yn: oy 
2 i684, 4. . 4077 2" 

Thus, if the weir measure 1 foot, and the depth of water falling over be 

2 inches, the delivery is read at once, viz. 13°63 cubic feet, or 84°9 gallons per 

minute. 


+ This method is applicable to both large and small atreams. 
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442.—Upon what do the churacters of water from wells, apringa, 
rivers, and lakes depend ? 


The qnality and composition of the water derived from these 
sources depend on the nature of the soil and geological strata through 
which it has passed, or on the character of its surface-bed or channel. 
The rain, already charged with carbonic acid in its passage through 
the lower regions of the atmosphere, becomes still more largely 
impregnated with this gas when it sinks beneath the surface — In 
some rich soils the ainount present in the air contained within their 
interstices, according to Boussingault, is 250 times greater than the 
ordinary ntmospheric ratio. Aided by the action of the carbonic 
acid which it has thus absorbed, the rain-water dissolves and 
decomposes various chemical compounds which it meets with in its 
underground progress, and often becomes so highly charged with 
them as to become unfit for ordinary use, as in the case of minernl 
waters. 


443.— Compare the calwe of spring, river, and v ell-water as suurcer 
of supply. 

This depends on many circumstances. Spring-water is both 
pure and impure in different cases; and the mere fact of its being 
aspring is not, as sometimes imagined, a test of goodness. Ire- 
quently, indeed, river-water is purer than spring-water, especially 
from the deposit of calcium carbonate ; organic matter is, however, 
generally in greater quantity, as 50 much more vegetable matter 
and animal excreta find their way into it. The water of a river may 
have a very different constitution from that of the springs near its 
banks. A good example 1s given by the Ouse, at York: the water 
of this river is derived chiefly from the millstone grit which feeds 
the Swale, the Ure, and the Nid, tributaries of the Ouse; the water 
contiins only 9 grains per gallon of salts of culc1um, magnesium, 
sodium, anda little iron. The wells inthe neighbourhood pass 
down into the soft red sandstone (Yoredale series) which lies below 
the millstone grit ; the water contains as much as 6¢96 grains, and 
even, in one case, 96 grains per gallon ; in addition to the usual salts, 
there is much calcinm chloride and calcium, sodium, and magnesium 
_sulphate.* 

444.— What ure glaciers ? 

These are rivers of ice draining the high snow fields. (‘The 
movement of a glacier is essentially of the same kind as that of 
@ river, the central portions moving faster than the edges. The 
movement is, therefore, one of degree not of kind. The motion of a 
glacier has been explained hy supposing that the ice forming the 
glacier is successively fractured and frozen. Thus, “ when a glacier 
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* Pans’ Practical Hygiene, 7th Ed. 
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is forced over an obstacle, the ice, being brittle, cracks and snaps; 

‘but the enormous pressure of the sliding mass behind squeezes it 
together again, and regelation immediately heals the fractures.” By 
alternately crushing and squeezing a block of ice, it can be made to 
assume a variety of forms. Faraday applied the term regelation 
to the phenomenon witnessed when two pieces of damp ice are 
pressed together and they become welded. } 


CHAPTER V. 
Raiv-wWaTER 1ND RAINFALL. 


445.—IWhat ave the chief characters of rain-water / 


Rain-water is soft und well aerated, but its purity and fitness 
for drinking or even for washing purposes deneda upon the purity 
‘of the atmosphere through which it falls. Near the coast it often 
contains traces of chlorides and sulphates, due to its sea-origin. 
It acquires from the air not only oxygen, nitrogen, carbonic acid 
‘and ammonia, with an minute amount of nitric acid. but also 
microbes and any organic or other impurities that may be present 
inthe air. In land districts there 1s a marked increase in the 
sulphuric acid, ammonia, and organic matter, due to putrefactive 
processes and the combustion of coal. Near towns rain may become 
acid in reaction, from excess of sulphurous and sulphuric acids. and 
is liable to carry down considerable quantities of tarry and carbon- 
aceons matter from the smoky air. Ammonia is found in largest 
proportion during the carly part of a shower. <A litre of rain 
‘contains about 25 c.c. of gases, namely, 8 c.c. of oxygen, 16°» c.c. of 
nitrogen, and 0°5 c.c. of carbonic acid. Dew and snow-water have, 
practically the same characters as rain-water, except that the 
dissolved gases are in less amount in snow-water.* Rain-water, 
of itself, is a pure water. When uncontaminated it is wholesome 
and pleasant to drink. In its passage through the air it becomes 
aérated, and if it remained in this simple natural state would be safe 
for drinking purposes. But in its descent, rain is liable to con- 
tamination from the substances which the atmosphere holds sus- 
pended, this action being specially observable in the neighbourhood 
‘of towns and of manufactories. Chemical impurities of various 
kinds such as.sulphuric acid, ammonium salts, nitrous and nitric 
acids, particles of soot, etc., are thus liable to render {t impure, 
while more serious contamination may result from the presence in 
the air of effete animal and vegetable products. Rain also carries 





* Wairetecon's Hygiene and Public Health (Cassell & Co., London, 1890). 
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down NaCl, CaCO,, 5, P, FeO, organic matter from various sources, 
debris of dust, etc. Hence rain-water in England is rarely stored 
or used, except for washing purposes, although in certain places it 
18 necessary to store it for drinking purposes. The rain-water 
penetrating the strata of the land, forms springs flowing out at a 
lower level, gives rise to brooks, rivers, and lakes. The rain-water 
condensed from the ocean, is pure, soft, and does not contain 
mineral impurities. This soft water, however, is a powerful solvent, 
and on reaching the earth dissolves some and combines with other 
minerals with which in its onward progress it comes into contact, 
such as lime, magnesian salts, certain sulphates, chlorides, and a 
few gascs.* Rain is a great vurifier of air; for it washes ont of it 
gaseous and solid impurities—organic and inorganic. For this 
reason also the rain which falls in the impure smoke and soot-laden 
atmosphere of large towns, is untit to drink. 


f As it falls through the air, rain becomes highly aérated 
(average, 25 cubic centimetres per litre), the oxygen bemg in larger 
proportion than in atmospheric air (32 per cent., or a little more); 
and carbon dioxide constitutes 2) or 3 per cent. of the gas. It carries 
down from the air, ammonium salts (carbonate, nitrite, and nitrate), 
and nitrous and nitric acids in small amounts The total quantity 
of nitrogen in ammoniacal salts, nitrous and nitric acid, is ‘0985 parts 
per 100.000. Frankland puts the average at ‘032. At Montsouris, 
mean of seven years, the ammonia amounted to 198 per 1,000,000, 
or ‘0135 parts per gallon; the nitric acid (NO,), mean of six years, 
to 354 per 100,000, or 248 per gallon. This giver a total nitrogen, 
from ammonia and nitric acid, "289 per 100,000. In towns with 
coal-fires it takes up sulphurous and sulphuric acids, and sometimes 
hydrogen sulphide. The sulphates in rain increase, according to 
Dr. Angus Smith, as we pass inland, and before large towns are 
reached; they are, according to this nuthor, “the measure of the 
sewage inuir” when the sulphur derived from the combustion of 
coal can be excluded, but in England the exclusion could never be 
made. Frec acids are not found with certainty, according to Smith, 
when combustion and manufactures are not the cause. ‘The acidity, 
tuken as sulphuric anhydride was equal to ‘0097 grains per gallon 
ot rain in a country place in Scotland, and 1:0589 grains in Glaggow ; 
iu, Manchester in 1870 it was ‘8416, and in London, 2713 grains.f 
See No 454.1 

446... What is the pureat natural water, and what doce it usually 
contain 7 


Rain or snow-water, if not contaminated in collecting. Tt con- 
tains little solid matter, except traces of ammonium nitrite and! 
nitrate, vut some oxygen, nitrogen, und carbon dioxide in solution. 

* AutHon’s Hygiene of Water and Water-supplies. 
+ Panxes’ Practical Hygienc, 7th Ed. 
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447 .— What was the opinion of the Rivers Pollution Commissioners 
in regard to the quality of rain-water ? 


They found that out of eight samples of stored rain-water only 
one was fit to drink. They came to the conclusion that rain-water 
collected from the roofs of houses and stored in underground tanks, 
is “often polluted to a dangerous extent by excrementitious matters, 
and is rarely of sufficiently good quality to be used for domestic 
purposes with safety.” Also, that,“ in Great Britain, and more parti- 
cularly in England, we shall look in vain to the atmosphere for a 
supply of water pure enough for dictetic purposes.” 


448.—How much air, orygen and CO, doca rain-water contain ? 


Air about 20 c.c. per litre. 
C) - cieveeeds o2 per cent. 
COQ, ... ..2°5 per cent. 


449 .—-What is the ultimate source of all water ? 


All natural waters are ultimately derived from the rainfall, which 
inits turn is due to distillation under the influence of the sun’s rays 
from all humid portions of the earth’s surface. Part of the rainfall 
is again evaporated from the surface upon which it falls, part flows 
along the surface to form streams and lakes. A third part sinks into 
the soil, descending vertically or obliquely through fissures or pores, 
until it reaches an impervicus formation, @nd then either finds its 
way laterally to the surface in the form of springs, or accumulates 
in the porous strata overlying the impervious layer, where it may be 
reached by wells.* 


450.-- What is the essential cause of rain-formation ? 


Rain is owing to the ccoling of a saturated air, and rain is 
heaviest under the following conditions—when, the temperature 
being high, and the amount of vapour large, the hot and moist air 
soon encounters acold air. ‘These conditions are chiefly met with 
in the tropics, when the hot air, saturated with vapour, impinges on 
a chain of lofty hills over which the air is cold. The fall may be 130: 
to 160 inches, as on the Malabar coast of India, or 180 to 220 as in 
Southern Burmah, or 600 as at Cherrapnnj:, in the Khasyah Hills. 
Even in England the hot air from the Gulf Stream impinging 
on the Cumberland Hills causes, in some districts, @ fall of 80, 100, 
200, and even more inches inthe year. From any table of the weight 
of vapour it may be seen that the amount of vapour which can be ren- 
dered insensible, increases with the temperature, but not regularly; 
more, comparatively, is taken up by the high temperatures; thus, 
at 40°F, 2°36 graine are supported; at 50°, 410 grains, or 1:24 grains 
more ; nt 60°, 5°77 grains, or 167 grains more than at 50°. There- 
fore, if two currents of air of unequal temperatures, but equally 
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saturated with moisture, meet in equal volume, the temperature will 
be the mean of the two, but the amount of vapour which will be kept 
invisible is less than the mean, and some vapour therefore necessa- 
rily falls as fog or rain. Thus one satiated current being at 40°F., 
and the other at 60°, the resultant temperature will be 50°, but the 
amount of invisible vapour will not be the mean. viz., 4915, but #1; 
an amount equal to 215 will therefore be deposited.* 


451 — Explain the causes of the formation of rain-drops and of thetr 
varying size. 


The meeting of cloud masses of varying temperatures and 
slight electrification seems to produce that coalescence of the minute 
‘water dust ” or moist particles, which we know as rain. As the 
rain-drops fall, under the influence of gravitation, they overtake 
one another and so increase in size according to the height from which 
they come. In thunder storms, and atthe beginning and end of # 
shower, the drops are largest. 


452.—TIe the composition of rain-water constant? What are : 
rities under differciet cirenmstances and its qeneral char- 
acters ? 


Rain-water varies in composition according as it is collected in 
the country or in towns, but is never pure water. It invariably 
contains, besides the gases of the atmosphere, nitrates and nitrite of 
ammoninm, solid amorphous and crystalline particles in suspension, 
and minute organisms. That of towns contains the acids generated 
by the combustion of coal, and notably sulphuric and hydrochloric 
acids. The aggregate amount of these two acids, in the free state, 
may reach as much as seven grains per gallon or ten parts per 
100,000. Rain-water collected near the sea, and even many miles 
inland, contains small quantities of the salts present in sea-water. 
Even the rain-water collected in Florence was found by Bechi to 
contain 0°28 grain per gallon, or 0°t part per 100,000 of solid matter, 
about half of which was organic, and half inorganic, the chief portion 
of the latter being sulphate of calcium and chloride of sodium. 
Bechi also determined the amount of ammonia and of nitric acid im 
the rain-water falling respectively in Florence, and at Vallombrosa. 
The ammonia was, on the average, 0°036 grain per gallon, or 0-51 
part per million. In Vallombrosa the nitric acid was 0-041 grain 
per galion, or 0°58 part per million, and in Florence 0-083 grain per 
gallon or 1:18 part per million. Lawes and Gilbert found the average 
aggregute amount of combined nitrogen in country rain-water, as 
ammonia, nitrates, and nitrites, to he nearly 0°07 grain per gallon, 
or one part per million. (See No. 447.) 


*Pankes’ Practical Hygiene, 7th Ed. 
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483.— What gasea are contained in rainwater ? 


Rain-water dixsolves at the ordinary temperature of our country 
about 20 c.c. per litre, or o°6 cub. inches per gallon, of the atmo- 
spheric gases, of which about 7 c.c. per litre, or nearly 2 cub. inches 
per gallon, are oxygen; 12° c.c. per litre, or 3-6 cub. imches per 
gallon, are nitrogen; and ("5c.c. per litre, or O14 cub. inch per 
gallon, is carbon dioxide gas. But rain-water is rarely, if ever, fully 
saturated with oxygen, this gas being in part appropriated by 
the organic matters present in the water; sothat the oxygen rarely 
exceeds 1°75 cub. inches per gallon, or 63 ¢.c. per litre. 


484 —What ure the results of the analyses of the Rivers Poliution 
Commissioners in ther Sixth Report® as regards the 
giseona constituents of vatiu-water 7 


Cubic inches. per gal. c. c. per litre. 
Nitrogen es a a 3°63 13°08 
Oxygen 7” 435 an 177 O37 
Carbonic acd es By 128 


4856.—Whet ts the average composition of rain-water as regards 
seline constituents ane combined nitrogen collected in 
inland distiteta remote from towns ” 


Grains, Parts, 

per gal. per 100,000. 
Saline constituents ie ead GI O° 
Combined nitrogen si OOF Os 


456 .—Whal ia ineant by rainfall, aid how is tt determined ? 


By the term rainfall is meant the amount of rain that falls in a 
given time. generally a year. In all English-speaking countries it is 
caleulatéd in inches. London. for example, has a rainfall of about 
24 inches, the rain falling in London in an average year; which 
means that if none were lost by evaporation, soakage, or draining 
of the soil, the rainfall would cover the surface with a layer of water 
24 inches deep. An inch of rain represents about 100 tons of water 
to the acre or 64,000 tons tothe square mile. Rain is collected in 
% vessel called a rain-gauge, with a funnel-shaped mouth of known 
area, and the amount carefully measured at intervals usually once 
dr twice a day. 


487.—How ita rain-water and snow disposed of on reaching the 
earth ? 


The water which falls from the clouds in the form of rain and 
‘is disposed of in three different ways. A certain portion runs 
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off the surface and finds its way directly into the streams and rivers; 
another portion is taken up by vegetation, or lost by evaporation ; 
anda third portion sinks into the earth, and forms the underground 
sheets of water which feed the springs that are met with in nearly 
phat! pene of the world. It is stated that about one-third of the 
rainfall flows off the surface, one-third is taken up by vegetation or 
evaporation,and the remaining third sinks into the earth; but this can 
hardly be called even an approximation to the truth, as the propor- 
tions differ enormously in different cases, and at different seasons of 
the year. Ina hilly and mountainous country much more water will 
evidently flow off the surface, and much less be evaporated, than in 
a flat country. In adistrict consisting chiefly of retentive clay, hardly 
any of the rainfall will sink into the ground, whereas in a district 
composed of permeable gravel or sand a very large proportion of 
the rainfall may be absorbed by the subsoil. In tropical climates 
evaporation will be much greater than in cold climates, and even in 
the same country cvaporation will be much greater in summer than 
in winter. The relative amounts of rainfall disposed of in these 
ways vary with the configuration and density of the ground and 
with the circumstances impeding or favouring evaporation, such as 
temperature, movement of air, etc. 


458.—Enumerate the methods by which the vain is disposed of 
on veaching the surface of the earth ? 


1. Part flows away towards the natural channels ; 
2, Part is evaporated ; 
3. Part soaks into the soil ; 


4. Part is used in the support of animal and vegetable life on 
‘the surface and in the soil. 


459.— What progortions of rain-water sink into the soil in 
various districts ? 


It varies considerably as stated in No. 459. Thus, in loose, 
tertiary, sandy or gravelly districts, as much as from 90 to 96 per 
cent. sinks into the soil ; in chalk districts, 42; in sandstone, J0—z5 
per cent. ; in magnesian limestone, abont 20; in new red sandstone 
(Triassie), about 25 per cent., whilst in districts of retentive, imper- 
meable clay, the percentage is very small. These may be again 
enumerated in tabular form for convenience, 


Loose, tertiary sand absorbs 90 to 96 per cent. of water. 
Chalk: <0: eo se ao ee AD ‘5 ‘ 
Sandstone ..... . 20—25 i ‘9 

Limestone ........ 20 ys 5 

Stiff clays ... . . . # very small proportion. 


. In gravels and sands almost all percolates, in other soils more 
“~vaporates than percolates. Part of that which percolates is used up 
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in the formation of hydraulic salts, part is absorbed by rootlets of 
vegetation and lost again by evaporation from leaves. 


That which percolates finds its way beneath the soil and may 
‘crop out as springs at natural outlets or be rendered available 
by artificial tappingsin their subterranean depths through borings, 
wells, etc. [Dr. Dalton, in his experiments on the new red sandstone 
soil of Manchester, found that 25 per cent. of the whole rainfall 
penetrated to the depth of 3 feet; and Mr. Prestwich gave the 
amount of infiJtration of the principal water-bearing strata sur- 
rounding London as varying from 48 to 60 per cent. | 


If, however, the inclination of the surface is great and the soil is 
not porous, but more or less impermeuwble to water, the greater 
portion of the unevaporated rain flows down the incline. It is this 
portion which forms or helps to swell the brooks, streams, and rivers, 
which are the natural drainage channels of the locahty. 


In very porous soils such as pure sand or coarse gravel, the rain 
so rapidly sinks into the interstices of the soil. that the evaporation 
even in summer is but slight. In nearly all other soils, however, 
the amount of rain evaporated greatly exceeds the percolation even 
in winter. ‘There is always 2 certain amount of percolation in the 
summer months, and this varies within rather wide limits. Insome 
years it is nil, in other years—as in 1879—it is as great as the 
evaporation (over 12 inches). 


460.— Does all the percolated water sink (nto the subsod and 
subterranean lake ? 


Tt does not; the portion that percolates, after a certain deduc- 
tion that must be made for the moisture absorbed by the roots of 
vegetables und grasses growing on the surface. which is subse- 
quently evaporated from their green Jeaves, helps to form and 
renew the underground sources of water. 


461.— Is ihe infiltration greater or less in an undulating country 
than in open level plains 7 


Other things being equal, the amount of infiltration will be far 
tess in an undulating hilly district than in open level plains. (It is 
obvious also that it must vary very considerably with the season of 
the year. Thus, according to the experiments of Mr. Dickinson, 
iedé in the gravelly loam which covers the chalk inthe valleys 
around Watford, it was 70 per cent. in the first three months of the 

ear ; intbe summer months it wasonly 2; while in November and 
ecember nearly the whole of the rainfall penctrated beneath 
the surface. ] 


462 .-—-Make some general remarks on the porosity of the various 
eartha and rocks. 


Respecting the porosity and absorptive qualities of different 
earths, itmay be observed that clean silicious sand, when thrown 
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loosely together, has voids between its particles equal to nearly one- 
third its volume of cubica] measure ; that is, if a tank of one cubic 
yard capacity is filled with quartzoid sand, then from thirty tothirty- 
five per cent. of a cubic yard of water can be poured into the tank 
with the sand without overflowing. Gravel, consisting of small water- 
worn stones or pebbles intermixed with grains of sand, has, ordi- 
narily, 20 to 25 per cent. of voids. 

Marl, consisting of limestone grains, clays, and silicious sands. 
has from 19 to 20 per cent. of voids, accordiug to the proportions 
and thoroughness of admixture of its constituents. 

Pure clays have innumerable interstices, not casily measured, 
but capable of absorbing, after thorough drying, from 15 per 
cent. to an equal volume of water. The water contuimed in clays 
is so fully subject to laws of molecular attraction, owing to the 
minuteness of the individual interstices, that great pressure is re- 
quired to give it an appreciable flow. Water flows with some degree 
ot freedom through sandstones, limestones, and chalks, according 
to their textures, and they are capable of absorbing from 10 to 
20 per cent. of their equal volumes of water. The primary and 
secondary formations, according to geological classification, as for 
instance, granites, trappeans, gneisses, mica-slates, and argillacions 
schists, are classed as impervious rocks, as are, usually. the several 
strata of pure clays that have been subjected to great super- 
incumbent weight. 

The crevices in the impervious rocks, resulting from rupture, 
may, however, gather and lead away, us natural drains, large volumes 


of the water of percolation. 

The tree flow of the percolating water toward wells or spring, 
is limited and controlled, not only by the porosity of the strate 
which it enters, but also by their inclination, curvature, and continu- 
ous extent, and by the imperviousness of the underlying stratum 


or plutonic rock. 
463.— [Vhat circumstances affect the proportion of rainfall disposed 


of in these different ways / 

The amount of rain that evaporates depends upon the temper- 
ature and degree of humidity of the air,—the higher the temperature 
and the drier the air, the greater the evaporation. When the inclina- 
tion of the surface is but slight and the soil very permeable, a 
large part of the rain sinks into the earth; but if the soil is not 
porons, the greater part of the unevaporated water flows down the 
incline. This is the portion that helps to swell streams and rivers. 
A small share of the percolated rain-water is absorbed by the roots 
of trees, vegetables and grasses, but most of thiais subsequently 
evaporated from green leaves When it rains heavily. the greater 
part of the water finds its way to the large rivers, and finally into 
the seas and oceans once more, after subserving the great officer in 


supporting animal and vegetable life. 
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464.— What proportion of the rainfall is absorbed by the soil in 
England ? 
The average for the year is about 42 per cent. [Winter 33 per 
cent. ; spring 35; summer 2; and autumn 48 per cent. ] 


465.—Upon what dues the wmount af evaporation depend ? 


Upon (1) the temperature of the earth and (2) its degree of 
humidity. The higher the te.nperature the greater the evaporation. 
More evaporates ina dry than in a rainy season. The amount of 
vapour rising from the tiopreal seas ia exrormous. [Take merely 
60 inches as the annual distillation and reckon this in feet instead 
of inches, and then procecd to calculate the weight of the water 
rising annually from such a comparatively small space as the Bay of 
Bengal, the amount is almost incredible | 


466.—JIuw much of the rainfall is lost by cvuporation and 
percolation in England ? 


In England the quantity varies from } to fths, varying with 
the season of the year and the porosity of the soil. 


This is well shown in the followme table. 


Winter. Summer, Entire vear. 
4 5 
| | Differs | fer. i . 
t ° jPerca- ] iff : ° Perco- Diff i 6 Perco- Differ 
| Rain. : ence or Rain. ence or — Rain. : ence or 
lation. Hlation. lation. 
} loss. } loss. | loss. 
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467 .--Za there any velation betiveen the amount of rainfall and the 
loss by cvapuration and percolation ? 








There is ; the loss is great in proportion as the rainfall is small, 
and the loss is small in proportion as the rainfall is great. 


468.—JIow may we calculate the speed of evuporation ? 


_ A shallow vessel of known area, protected round the rim by 
wire to prevent birds from drinking, is filled with a known quantity 
of water, and then, weekly or monthly, the diminution of the water 
is determined, the amount added by rain, as shown by tue rain-guage, 
being of course allowed for. [In this little experiment it is advisable 
not to use a metal vessel which conducts heat so rapidly that ‘in 
warm weather, at least, its own heat would expedite evaporation, } 


469.— What regulates the amount of evaporation from moist 
surfaces ? 


It is regulated by the temperature of the water, the temperature 
8 
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of the air, the humidity of the air, and the wind. It is more rapid 
from moist soil than trom water; and deep-rooted crops, such as 
wheat, dry the soil to a greater depth than grass. No satisfactory 
instrament (atmoimeter) has been devised for measuring evaporation, 
owing to the difficulty of excluding rainfall while allowing free ex- 
posure. A rough estimate may be obtained by exposing a measured 
volume of water in an open dish of known area, and deducting from 
the final measurement the ascertained rainfall. Another plan is to 
shelter the atmometer from rain by a cover, but this necessarily 
lessens the evaporation. ‘The mean annual evaporation per square 
inch of water-surtace is saidto be 20°6 inches, and in some years it 
exceeds the rainfall. 


470 — What is meant by the “ evaporation” of water ? 


As a gas or vapour, water 18 invisible, though on a hot day if we 
lie on the ground we cansee that the vapour asit rises from the earth 
so interferes with the rays of hght as to produce the well-known 
“ shimmering” effect. This passage of water into the condition of 
invisible vapour is termed evaporation. 


471.— What conditions favour evaporation ? 

Evaporation ix constantly going on, at all times, in all temper- 
atures and practically from all parts of the earth’s surface. Being 
greatly increased by heat it 1s more rapid in the day than in the 
night, in sammer than in winter, and within the tropics than pearer 
to the poles. It occurs to a greater extent also over the ocean, over 
lakes, rivers, or other water surfaces, but not exclusively, for vapour 
rises also from the leaves of plants, from snow and ice, and from 
ground that is apparently quite dry. The effect of evaporation is séen 
notonlyin the drying up of puddles after rain where part of the water 
may soak into the ground, but inthe similar drying up of water placed 
in a saucer in the open air. ‘The amount of evaporation varies with 
the devree of heat already in the air and the force of the wind. 
[Every laundress knows the difference between a“ good drying 
day,” when there is but little moisture in the air and the clothes dry 
quickly, and a bad one ; but as hot wir has a great capacity for mois- 
ture—can hold more moisture,that is, without being saturated—than 
cold air, there is usually more moisture in the air fn the summer, 
when it feels dry, than in winter. Evaporation is greatly helped by 
wind. Wind removing saturated air and bringing fresh drier air in 
contact with puddles or other surfaces of evaporation, dries them up 
quickly.) 

472.—Docs evaporation go on at all temperatures ? 

It does ; water evaporates at all temperatures, and the evapora- 
tion of solid water in the form of ice and snow is an obvious and fami. 
liar phenomenon. (The tension of water-vapour, or its tendency to 
evaporate at any given temperature, is a subject dealt with in the Part 
of this series devoted to “ Mrteoroiocy.”) The relative saturation of 
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air with aqueous vapour is termed ‘ humidity ’ of the atmosphere and 
bears no direct relation to the quantity of aqueous vapour therein. 
In the Hritish Isles the amouut of aqueous vapour in the atmosphere 
ranges from 2 grains per cubic foot of air in winter to 12 grains in 
summer, or from one-third per cent. to 2 per cent. by weight. 


473 — What follows from this constant evaporation ? 


Were'it not for this unceasing process of distillation, our 
water-supplies would become so highly charged with impurities as 
to become unfitted for the maintenance of animal life. 

474.—Is there a limit to the amount of vapour tahen up by air ? 


Air at any one temperature will only take up a certain quantity 
of water in the invisible form, after which it becomes saturated. 


475 -- WVhat amount of UAPOUT TICS from each square inch of 
surface per annum in Enaland 7 

The amount of vapour annually rising from each square inch 

of water surface in England has been estimated at from 20 to 

24 inches; in the tropical seas it has been estimated at from 80 to 180, 

or even more inches. Jn the Indian Ocean it has been estimated at 

as much as an inch in twenty-four hours, or 365 m the year, an 

almost incredible amount. No doubt, however, the quantity is very 
great even if it does not reach this high estimate 


476.—When does the resjsratory moistere become physically 
manifest ? 

In dry warm weather the moisture in our breath is invisible, 
but in the cold of winter or when the air is saturated after rain, it 
is at once condensed into acloud of minute drops of hquid. 

477.— When is rain-water good as a sourde of supply ? 


Rain-water when uncontaminated by the receiving surface or 
by air impurities, is healthy and pleasant. It carmes down from the 
air ammonincal salts, sodium chloride, calcium compounds, and 
traces gf organic matter, the totnl amount of solids being between 


Zand o grains per gallon, 
478. — Whet ta the average fall in England ? 
Thirty inches. [At Netley for the period of 23 years (1864-86) 
the average wos 30°12 inches. } 
© 479.— What is the average mean rainfall of England and Wales? 
The average mean rainfall of England and Wales is 32 inches 
per annum. 
480.—CUpon what does the rainfall in England depend? Name 
some places where we get manima of rainfalle, 


The quantity of rain which fallsin various countries is affected 
by local circumstances, and varies with the seasons. The heaviest 
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mean annual rainfallin England is at Stye-in-Borrowdale, Cum ber- 
land, where it is 165 inches; and the heaviest at any place on the 
globe is on the Khasyah Hills, Bengal, where it is 600 inches. 


481.—Does the rainfall vary in the same place 2? Give cxamples 


It varies within very wide limits. Thus at Bombay the mean 
is 76, but in the year 1822 as much as 112 inches tell, while in 1824 
only 34 inches tell. 

482—-What is the average ond extremes of the rainfall in 
England 2? How much is lost by evaporation and 
percolation ” 

The average annua) rainfall in England is 30 inches. and varies 
from 22 to 140 inches. A quantity 1s lost by evaporation and by 
sinking into ground. ‘Lhis vanes from one-half to seven-eighths, 
according to the season of the year and the porosity of the soul. 


483.— What is the average rainfall of London 7 
‘'wenty-four inches. 


484.--What is the annul rainfall of Bdinburgh, Glasgow. 
Dublin and Manchester ” 


Edinburgh . . ...... . Zin. per annum. 
Glasgow . . 2. 1. ww eee OW, aa 
Dubliti «4 ~« oe we. & doe 30, . 
Manchester... vo, af 


485.—What is the least annual rainfall recorded in Eugluud ” 
Fifteen inches. 
486.—TIs the rainfall a very variable meteorological phenomenon 7 


Rainfall is probably of all atinospheric phenomena, the most 
uncertain both as regards trequency and the amount which 
falls in a given time. In many parts of the world rain rarely it 
ever falls, whilst in others it rains almost every day. The rainless 
regions of the earth, as they have been termed, are the coast of 
Peru, the great valleys of the rivers Columbia and Colorado in 
North America, the Latona in Africa, and the Desert of Gobi in 
Asia. In Chiliand Patagomia, rain is constant. (In calculating the 
rainfall by means of the rain-guage, 1t has been found that less 
rain is collected if the gauge be high above the ground than if it 
be level withit. Professor Phillips found the rainfallat York for 
twelve months during the year 1833-34 to be 14°96 inches at 218 feet 
from the ground, 19°85 inchcs at 44 feet, and 25°71] inches on the 
ground. | 


| £87 .—Give instances of varying quantities of rainfall and state 
what circumstances affect the amount of the rainfall. 


Rainfall in different regions of the earth varies considerably 
from zero, as in the Desert of Sahara and on the coast of Peru, ta 
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six hundred inches, as on the south-east slopes of the Hima- 
layas, which are exposed to the moisture-laden monsoons. The cir- 
cumstances on which the amount of rain depends are partly general, 
such as degree of latitude and elevation above sea-level; and partly 
local, as nearness of large surfaces ot water, exposure to moist winds, 
adjacency to mountain chains. As to the distribution of rain accord- 
ing to latitude the amount decreases, as a rule, with the increasing 
distance from the equator towards the poles ; but this rnle has many 
exceptions, such as the rainless tracts already mentioned, and lesser 
deviations 1m the positive and negative direction The amount of 
rain which falls in different regions is not proportionate to the mois- 
ture of the air, for aregion may be almost free from rain, in spite 
of a humid atmosphere, if there are no cold winds causing condensa- 
tion, as is the case with Lima, on the coast of Pern; and, on the 
other hand, localities with considerable rainfalls may enjoy tolerable 
dryness of air and soil, as the Gulf of Genoa. Elevation above sea- 
level does not seem to exercise the same influence in different 
regions. (rasparin and others assume that with increasing elevation 
the amount of rainfall increases, and according to Chaix this is the 
ense with the Swiss Alps, subject to certain exceptions; but no 
such rule holds good for America. The neighbourhood of the sea is, 
for the west of Europe and the islands belonying to it, a cause of 
inereased rainfall. 


488. -- Name some rainuless places ? 


Pern, Columbia, Colorado, Sahara Desert. Gobi Desert, Be- 
luchistan, ete. 


489.—Neme some very rainy places ? 


Patagonia; certain places in India, as Mahbleshwar, along the 
Malabar Const, Cherrapungi in the Khasyah Hills (where as much 
a6 600 inches fall per annum !), in Lower Burmah, and in some parts 
of the Cumberland Hills. 


490.— How do you account for the compuratively heary rainfall 
‘ in the last mentioned place ” 


By the fact of the warm and must air of the Gulf Stream 
coming into contact with the cold air o! the elevated land in Cumber- 
land becoming condensed and falling as rain. 


491.— What is meant by Drainage-B sins ? 


If we trace the rivers on atmap from their mouths up to the spring 

or glaciers in which they have their origin, not only shall we be 
ing steadily up hill, but we shall find it generally easy to draw a 
line on the map separating the district drained by one river and its 
tributaries from those drained by other neighbouring rivers. This 
line is the water-shed or water-parting between the river basins or 
drainage areas, or as it is sailed in the north of England, “ the 
heaven water boundary.” Though very often so, this line is not 
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necessarily the summit of a range of hills, the ground in many cases 
being relatively hizh, the water easily finds the slopes, however small, 
and runs down it. In Ireland the basins of the Harrow, the Boyne, 
and the Brosna are separated by the comparatively low-lying 
tract known as the Great Bog of Allen. As we shall see later 
on, by the use of curved lines traversing the maps, or b 
various colours, we may indicate on special charts the distri- 
bution of temperature, rainfall, groups of plants or animals, races 
of men, or forms of religion, and just as the shades of one 
colour are often used to indicate a scale of height of temperature, 
of atmospheric pressure, or of rainfall, so phey may be employed to 
show the greater or less density of population, ie, the numbers of 
human beings to the acre, or to the square mile (640 acres). 


492.— When are the fuctors of available amount of water and the 
ralufall of the catchment basin very important matters 
for consideration ? 


When the water-supply of a town is collected from small 
streams or gathering grounds, the rainfall of the catchment basin 
and its available amount are items which ought to be carefully 
considered, 


493.—How may the anailable rainfall be readily caleulated 7 


The amount of water derivable from the rainfall in given cases 
is readily ascertained if the mean annual rainfall of the district is 
known and the dimensions of rain-receiving area are calculated. 


494.—Jore rain is said to fall near the ground than higher up, 
why ta this ? 


There is only an apparent greater fall near the ground, The 
wind causes the rain to fall obliquely and not perpendicularly, and 
if a vessel of known dimensions be inclined to the direction of the 
wind at some distance from the ground, it will receive as much 
rain as one of the same dimensions placed on the ground. 


495.—What ia the real cause of the diminution of rainfall at a level 
higher than the ground ? ' 


Tt has recently been proved that there is really no decrease 
of rainfall, but that the apparent diminution is due to the fact that 
@ gauge placed in an exposed position above the ground does not 
collect all the rain that falls, a certain proportion being blown 
over the gauge by the wind. 


496.— Why ia the rainfall greatest on the west slopes of English 


mountains 7 


Because the humid westerly (or seaward) winds deposit 
moisture as soon as they are forced to ascend into colder strata 
of air. 


* 
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497.— Wheat isa rain-gauye ? 


A rain-gauge or pluviometer igs an apparatus for measuring 
the quantity of rain falling on a particular spot. ; 


498.— How may we estimate the rainfall ? 


By means of a rain-gauge. There are several forms of rain- 
gauges. The simplest consists of a funnel opening into a receiver in 
which the rain is collected, and from which it may be drawn and mea- 
sured. The funnel should have a truly horizontal rim, else the 


gauge will catch too much or too little, according to the direction 
and force of the wind. 


499.— Describe the construetion of an ordinary rain-qauge, und the 
preeantion which should he taken in ficing rt, 


An ordinary rain-gauge consists of a circular metal cylinder 
varying from o to 8 imches (5 inches being the better gange) in 
diameter, which by means of an open funnel top discharges 
the rain caught within its arca intoa graduated glass measure, 
the graduation being to ;\gdth of an inch. It should be fixed per- 
fectly level, not less than 6, or more than 12, inches above ground, 
IM an open space at some distance from hmildings or tall shrubs, 
trees. ete, the least objectionable shelter being from E, N., and 
N.-W., but foran accurate register no such shelter should exist. 
It is requisite to take the record by emptying the measure ata 
fixed time, each day, usually © a... und to remember that j,th 
the depth of snow 1s equivalent to rain. 


§00.—Deseribe the rain-ganyge used hy the Army Medical Depart- 


ment am determining the rainfall of a Military Sta- 
tian. 


This rain-gauge isa cylindrical tin box with a rim or groove 
at the top; a circular top with a funnel inside fits on to this groove, 
which, when filled aie water, forms a water-valve. The opening 
above is circular ‘the circle bemg made very carefully, and a rim 
being carried round it to prevent the rain-drops from being whirled 


‘by wind out of the mouth), and descends funnel-shaped, the small 


end of the funnel being turned up to prevent evaporation. But 
leaves, dust, or insects sometimes choke this tube, so that it is now 
generally straightened, the loss by evaporation being insignificant, 
compared with that caused by obstruction. The best size for the 
open top, or, in other words, the arca of the receiving surface, is 
from 50 to 100 square inches. ‘The lower part of the box is sunk 
in the ground nearly to the groove; the upper part is then put on, 
and a glass vessel is placed below the funnel to receive the water. 
At stated times (usually at 9 a... daily) the top is taken off, the glass 
vessel taken ont, and the water measured in a glass vessel, gradu- 
ated to hundretdhs of an inch, which is sent with the gauge.* 
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§01.— How is the rainfall expressed, and how is it calculated ? 


Rainfall is estimated in inches; that is, the fall of an inch of rain 
implies that on any given area, say a square yard of surface, rain 
has fallen equal to one inch in depth. The amount of rain is deter- 
mined by a rain-gauge. ‘wo gauges are supplied for military 
stations; one to be placed on the ground, one 20 feet above it; in 
all parts of the world the latter indicates less rain than the lower 
placed gauge; this is due to wind.* (See Nos. 494, 495 and 508.) 


502.— What does each division of the measure correspond to ? 
One-hundredth of an inch of rain. 
503.—Jf the rainfall is very heavy, in what way is it measured by 
the ordinary rain-qauge ” 
If there 1s a considerable rainfall then the measure is filled 
each time up to the 50 and recorded thus :— 
Suppose that there were 136 one hundredths of an inch— 
“00 
“D0 
°36 


that is. the rainfall is one inch and thirty-six hundredths. The 
figures should be written down before the water is thrown away, 
and the additions should be gone over twice. 


§04.— How ia the rainfall recorded 7 


Ry emptying the contents of the bottle into the glass measure, 
which should be held quite perpendicular. and reading the number 
of decima)s to which the water rises. 


Each division = ,3,dth inch and is recorded thus: ‘01, 00 
hundredths is recorded as ‘5t). 
§05.— How many observations should be made ” 


One, under ail ordinary circumstances, but with heavy rain 
two or more, as the bottle may overflow and witha dry air it 
should be recorded at once, as part of the water may evaporate. 


506.—In the case of a single observation what is the best time to 
register the rainfall ” . 
At 9 aM. 
507.— At what level should the rain-gauge be placed ? 


Some observers maintain that the rain-gauge should be placed 
at least siz inches from the ground, to avoid splashing, and in the 
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centre of a level, open plot ; others, that the best location for it is to 
bury it in the earth, making its top just even with the surtace of 
the ground (Loomis). The higher the gauge is placed above the 
surface of the earth the less rain it catches. 


§08.— Are the indications of pluviometers (or rain-gaugqes) placed in 
high situations reliable ° 


They are not; they register less rain than those placed on a level 
with the neighbouring ground. When there is a wind during a 
shower, the course of the rain-drops is parabolic, being much curved 
in the air above and nearly vertical at the surface of the ground. 
A circular rain-gauge held horizontally, presents to inclined drops 
wn elliptic section, and consequently less effective to vertical drops. 


5§09.— What precautions are to be taken arith reqaurd to the position 
in which the rain-gauge is placed ” 

A rain-gauge should not be set on a slope or terrace, but on a 
level piece of ground, at a distance from shrubs, trees, walls, and 
buildings—at the very least as much from their base as they are in 
height. ‘Tall-growing flowers, vegetables and bushes must be kept 
away from the gauges. If a thoroughly clear site cannot be ob- 
tained, shelteris most desirable from EF,N, and N.-W.; less so 
from 8. 8.-E.and W. and not at all from 8. W. or N.-E. 


§10 -- What precautions are to be taken with regard to the pluces 
in which old rain-ganges are still in use 7 
Old established gauges should not be moved nor their registra- 
tion discontinued until at least two years after a new one has been 
in operation, otherwise the continuity of the register will be aad aed 
ably destroyed. Both the old and new ones must be registered at 
the same time and the results recorded for comparison. 


611.- What precautions are to be observed in regard to the level of 
site In which a rain-gauge ta placed ? 

The funnel of a rain-gauge must be set quite level, and so firmly 
fixed that it will remain so in spite of any gale or wind under ordinary 
circumstances. Its correctness in this respect should be tested 
from time to time. 

§612.—What precaution is to be observed as reqards the height at 
which a rain-gauge should be placed ? 
The funnel of gauges newly placed should be one foot abore 
ground. 


° 


§613.-—How may the funnel be prevented from rusting ? 


Ifthe funnel of a japanned gauge becomes so oxidised as to 
retain the rain in its pores or threatens to become rusty, it should 
have a coat of gas tar or japan-black, ora fresh funnel of zine or 
copper should be provided. 
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514,.— What precaution is to be observed in the use of float-qauges ? 


Tf the measuring rod is detached from the float, it should never 
be left in the gauge; ifit is attached tothe float, it should be pegged 
or tied down, and only allowed to rise to ite proper position at the 
time of reading To allow for the weight of the float and rod, these 
gauges are generally so graduated as to show zero only when a 
small amount of water is left. Care must always be taken to set 
the rod to the zero. 


§15.—What special preeantion is to be observed in the use of thecan 
and botile-gauge ? 


The measuring glass should always be held npright. The read- 
ing is to be taken generally between the two apparent surfaces of 
the water. 


§16.—At what limes should rain-gange readings be made ? 
Nine a.w. daily; if taken only monthly, then 9 a.w. on 1st. 


§17.— What spectal precaution i3 to be observed in regard to date 
of entry 7? 


The amount measured at 9 s.M. on any day is to be set against 
the previous one; because the amount registered at 9 a.m. of day 
17th, contains the fall during fifteen hours of the 16th and only nine 
hours of the 17th. (This rule has been approved by the Meteorologi- 
cal Societies of Englandand Scotland, and cannot be altered, and ‘is 
particularly commended to the notice of observers. 


§18.—JVhat is the made of entry of the ratrfell ? 


If less than one-tenth (10) has fallen, the cipher must always be 
refixed ; thus, if the measure is full up to the seventh line iu must 
e entered as ‘07—thatis, no inches, no tenths, and seven-hundredths. 

For the sake of clearness, it has been fonnd necessary to lay 
down an invariable rule that there shall always be two figures to 
the right of the decimal point. Tf there be only one figure, as in 
the case of one-tenth of an inch (usually written ‘1), a cipher must 
be added, making it "10 Neglect of this rule causes much inconve- 
nience. All columns should he cast twieve—once up and once down, 
so as to avoid the same error being madetwice. When there is no 
yain a jine should be drawn rather than cipber inserted. 


§19.— What sepcial point demands attention in regard to the regis- 
tratign of the rainfall 7 
The amount should always be written down before the water 
is thrown away. 
§20.—-How are small quantities of rainfall to be recorded ? 


The unit of measurement being ‘01, observors whose gauges ste 
sufficiently delicate to show less than that, are, if the amount is under 
‘005, to throw it away, if it is 005 to ‘010 inclusive, they are to enter 
it as ‘01. 
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621.— What arrangements should be made tn case of unavoidable 
absence 7 


Every observer should train some one as an assistant; but 
where this is not possible, instruction should be given that the gauge 
should be emptied at 9 a.m. on the Ist of the month, and the water 
bottled, labelled, and tightly corked, to await the observer's return. 


§22.— What precautions shouldbe made in case of heavy rains 2 


% 
When very heavy rains occur, it is desirable to measure immedi- 
ately on their termination: and 16 will be found a safe plan, after 
measuring, to return the water to the gauge, so that the morning’s 
registration will not he interfered with. Of course. if there is. the 
slightest doubt as to the gauge holding all that talls, it must be emp- 
tied, the amount being previously written down. 


§23.—Jlow may the rainfall iepresented by suae be recarded ’ 


In regard to snow three methods may be adopted — It is well to 
try them all. (1) Melt what is canght in the funnel by adding to the 
snow apreviously ascertamed quantity of warm water and then 
deducting this quanuty from the total measurement, enter the residue 
as rnin, (2) Select a place where the snow has not dritted. invert 
the funnel, and turning it round, hft and melt whatis enclosed. 
(3) Measure with a rule the average depth of snow, and take 
one-twelvth as the equivalent of water Some observers use in 
snowy weather a cylinder of the snme diameter as the ram-gauge 
and of same depth Ii the wind is at all rough, all the snow is blown 
out of a flat-funnelled rain-gange. 


§24.— What precaution is tu be obseried to prevent overflow ? 


It would scom needless to caution observers on this kead, but as 
recent foreign tables contain suc distances ino one day in which 
gauges were allowed to run over, it is evidently necessary that 
Britash observers should be on the vert. It is not desirable to 
purchase any new gavee of which the capacity is less than that 
equal to 4 inches of rau. 

§25.-—[f two ganyra are in use how should the rainfall be regisiered ? 

It is often desirable that observers should have two gauges, and 
that one of them should be cnpable of holding 8 inches of rain. One 
of the gauges should be registered daily, the other weekly or monthly 

‘as preferred, but always on the Ist of cach month. By this means 
& diaeagh check is kept on accidental errors in the entries, which 
ig not the case if both are read daily- | 

Small amounts of water are at times deposited in rain-gauges 
by fog and dew. They shonld be added to the amount of rainfall 
because (1) they ‘tend to water the earth and nourish the 
strexms,” and not for that reason only, but (2) because in many 
ease, the rain-gauges can only be visited monthly, and it 
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would then obviously be impossible to separate the yield of snow, 
rain, etc.; for the sake of uniformity, all must be taken together. 


§26.—By what rule may we find the depth of glass of a given diam- 
eter to contain one inch of water distributed over the 
area of a given gauge ? 

First find the weight in onnces of one inch depth of rain-water 
in the rain gauge, thus—Multiply the area of the rain-gauge in 
square inches by 252\40%, and divide by 157-5. Then divide the 
weight of water in ounces by the product of the square of the diam- 
eter in inches of the glass by *40317, 


527.— Tow may we ascertain the relation between « rain-gauge 
and its measuring glass ? 


Determine the area in square inches of the receiving surface, 
or top of the gauge. by careful measurement. This area if covered 
with water tothe height of 1 inch would give a corresponding 
amount of cubicinches. ‘This number of cubic inches is the mea- 
sure for that gauge of 1] inch, because when the rain equals that 
quantity, it shows that 1 inch of rain has fallen over the whole 
surface 

Suppose the area of the receiving surface is 90 square inches. 
Take 90 cubic inches of water and put it into a glass, put a mark at 
the height of the fluid and divide the glass below it with 100 equal 
parts. If the rainfall comes up to the mark, 1 inch of rain has fallen 
on each square inch of surface; if it only comes up to a mark below, 
some amount less than an inch (which 13 so expressed) in ;',th and 
qdadth has fallen.* 

For example, suppose the diameters of rain-gauge and collect- 
ing glass be given, how may we find the depth of the glass to 
contain one inch of water collected by the gauge. the diameter of 


~~ 


gauge being 7 inches, and the glass 4 inches. 
72 X0 7854==38'4846 area of gauge. 
BB ABI X 22 45K 99-005 oz. of water, 
Then 
Pree! == 044 depth of glass required. 


O-bo3l7==a constant which may also be used to find the weight 
of an inch of water intercepted by the gauge, by multiplying the 
square of the diameter by it. 

§28.— By owhat rule can we find the weight of water in ounces 
per inch in depth, distributed over the aren of the rain- 
gauge 7 : 

Rule.—Multiply the square of the diameter in inches hy the 
constant number 45317. 








Sire the tart 
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529.—If dih inch rain fall in 10 minutes how much would full in 24 
hours over a syuare mile of surface ¢ 


1x 6X24 <= 18” in 24 hours 
1 inch over |] acre = 101 gallons 
18 = 1 , =101x18 = ),818 gallons. 
18 » 640 ,, == 1,818 x 640 = 1,163,520 gallons, 
This may be also worked out as follows :— 
1x0 24 == 18" in 24 hours = 1°d feet 
v280 (feet m a mile) squared 
== 414,176,000 cubic feet in 24 hours. 
418,176,000 x 6 2 (gallons in a cubic foot, approximate). 
= 2,592,691,200 gallons for 24 hours. 
2,992.691,200 x LU (Ibs. ma pallon) and + by 2,240 (ibs. in 
aton of water) = 11,074,514? tons in 24+ hours. (See 
No. 038.) 


§30.— Wheel anount of runfall civ saall water-shed flows through 
the outlet ona rocky surface ” 


When the surface of a small water-shed is rocky or 1mpervions 
or frozen, ards of the rainfall may flow through the outlet channel, 


§31.— What preeention is tu be taken in measuring the rainfall when 
snow falls instead of rain ’ 


The suow must be melted and the water it represents measured. 
This may be carried out by the addition of a known quantity of hot 
water, the latter bemg deducted from the whole ot the water 
iIncasured, 


§32.— What is meaut by the annual ratafall of a place ’ 


By the amount of annual rainfall at a given place is meant the 
depth of water that would be obtained if all the rain which falls 
there in @ year were collected into one horizontal sheet. The 
depth of rain that falls in any given shower 1s similarly reckoned. 
It is the depth of the pool which would be formed if the ground 
were perfectly horizontal, and none of the water could get away. 


633. How may we caleulate the quantity of rate tutercepled by 
@ rettieegeuge 2 


Multiply the area of gange by 252458. divide product by 437°5 ; 
the result is the weight in ounces of one inch depth of rain over the 
area of the gauge. 


252'408 = weight in grains of 1 cubic inch of water at 62°. FP. 


457°5 =x a » of 1 ounce avoirdupois. 
nx 2o2'-408 
W= on 
497-5 


o w= water in ounces; a=area of gnuge (D? x 0°7854). 
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§34.—In what description of places does rainfall reach its mazi- 
arin ? 

Mountainous districts (particularly on the leeward side of 
mountains) ; and in districts which face the prevailing winds. As an 
example we have the warm air of the Gulf Stream saturated with 
moisture impinging on the Cumberland Halls causing a considerable 
rainfall in some districts; the Western Ghauts m India simi- 
larly related to the South-West winds from the Indian Ocean. 
The greater the temperature of the air the more water it 1s capable 
of holding in the torm of suspended vapour. When the warm air 
comes into contact with cold mountain side its temperature is sud- 
denly reduced, and as a result so much of the suspended vapour 
which ai the higher temperature it held in the air, is deposited. One 
side of a high mountain may be very fertile, whilst the other is 
practically a desert; as in seen in the Desert of Gobi which is 
caused by the Himalaya mountains. 


535 ~-- Hoi may we expla thia tucreased ramfall re certain dis- 
tricts 7 

The atmosphere is capable of holding a certain amount of water 
in the vaporous state, its capacity in this respect. varying with the 
temperature—the grcater the temperature of the air the larger the 
quantity of watery vapour it can hold in suspension. Currents of 
warm ar laden with vapour impinging upon cold mountains has 
its capacity for holding watery vapour reduced by reason of the 
lowered temperature. the result is that some of the vapour is con- 
densed in the form of ram. This explains the anomaly that one 
side of » mountain range may be fertile and the other an absolute 
desert. 

In England the hot air from the Gulf Stream impinging on the 
Cumberland Hills causes, in some districts, a fall of 80, 100, 200, 
and even more inches in the year. 

The rainfall in different places ts remarkably irregular from 
year to vear; thus at Bombay the mean being 76, in 1822 no less 
than 112 inches, while in 1824 only 34 inches. fell. 

In districts having an average raanfall (256 to 30 inches per 
annum). the amounts of rain that fall in summer and im winter 
are very nearly equal. But in the summer months (April to Sep- 
tember) the amount of rain that percolutes is very aiaalle it 1s only 
one-seventh of the summer rainfall in chalky soils. Nearly all the 
rain that falls in anaverage summer is evaporated from the surface 
of the soil or from the leaves of plants. The conscquence is that 
the underground-water is not replenished from the surface, and its 
level sinks. In the winter months (October to March) consider- 
ably more than half the rainfall percolates. 


836.—What are the limits of variation of rainfall in the United 
Kingdom 7 : | 
The annual rainfall varics from about 20 inches on the eas 
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coast of England to 60 or 80 inches on the west coast of Ireland 
and Scotland; and at one point in Cumberland (Seathwarte) it 
averaged 154 inches during 6 years. 


The amount of yearly rainfall varies considerably in different 
parts of England. In the Eastern counties the average is less 
than 25 inches per annum: throughout the remainder of England 
the average is from 30 to 40 inches per anuum, with very much 
larger amounts in the mountainous and hilly districts of Devon- 
shire, Wales, Cumberland and Westmoreland (60 to 200 inches per 
annum). 


§37.— What is the marimum roinfell ine day in Gicat Britain ? 


The rainfall does not often exceed an inch in one day in Great 
Britain, but enormous quantities are recorded occasionally. At 
Camberwell, mn 18-46, 8 inches fell in 24 hours, and in Monmouth- 
shire, in 1875, 5°36 inches fell in one day 


638 —Caleulute rainfoll sf fol tae 10 airantes, whet world be 
the amount ta 24 hours over a anile ? Show the working. 


.xOx 2418" in 24 hours=1'5 feet. 
O28) feet mm mile—to be squared, 


422400 
10560 
26400 


2787840 
15 
139392000 
27878100 
418176000 
62 gallons in a cubic foot of water. 


836352000 
209056000 





: 2,592,691,200'0 gallons in 24 hours.* 





B839.— What ts considered to be a rainy day ? 


One in which at least *01 inch of rain falls. 








@ See Answer to No 529 
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840.— Wheat ure the more important factors influencing the ratio of 
the available to the total rainfall ? 


The nature of the soil, and steepness or flatness of the ground, 
the rapidity of the rainfall, and other circumstances. 


541.— What are the causes that influence the amount of rainfall ? 


1. Latitude.—The greatest rainfall is near the Equator, dimin- 
ishing towards the Poles. But the number of rainy days at the 
Equator and at latitude 60° are very nearly the same. 

9. Eleration abore the sea —Mountains increase the rainfall. 

3. Prowumity to the ocean.—It is almost always ruming on the 
west coast of Ireland and Britain. The Gulf Stream has much to 
do with this raintall. 

4. Trees increase the rainfall. 

5. Winds do. do. 

6. Deserts —Almost entire absence of ruin. 


§42.— Why do forests increase the rainfall ’ 


In large forests the temperature i somewhat lower than it 1s 
in the surrounding areas. The result is that Currents of air contain- 
ing much moisture on reaching the area shrouded in trees, is con- 
densed and falls as rain when it would not do so im the neighbour- 
ing areas. ‘The forests lower the air temperature and if its dew 
wing is reached water condenses as rain. The capacity of air to 

old aqueous Vapour in suspension is lessened as the atmospheric 
temperature decreases. 
§43.— What are the objections tu rain-water as a aource of supply ? 

(a) It is uncertain. 

(6) The quantity falling ina given area is frequently made- 

quate for the requirements of the community. 

(ec) Its collection and storage are capensive. 

(dq) The stored water in very hable to contamination. 

(e) Ruin-water is somewhat insipid and vapid.* 

There is one great disadvantage possessed by rain and other 
soft waters, namely, their liability to dissolve lead, iron, or zinc, if 
left in contact with these metals. Consequently cisterns of lead, 
iron, zinc, or galvanized iron should not be used to store rain-water ; 


and such water when collected from lead roofs should not be used 
for drinking purposes. 


x“ 


544.— What are the chief disadvantages of rain-water supply / 
e 


Its scantiness and uncertainty. A rainfall of 25 inches per 
annum is equal to 2,023 tons per acre, or 565,580 gallons yearly, 
and even if this were all collected and stored without loss, it wonid 
suffice for 62 persons only, each person being allowed 20 gallons per 
diem. During times of drought when evaporation is usually great, 


* 











* Hvapann’s Forensic Medicine and Medical Police. 
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it is manifest that a rain-water supply must be deficient 
where only a smal] number of persons has to be supplied. SECEDE 


545.— Name some other disadvantages of rain-water ? 


It is almost too soft to be pleasant to the palate, near the sea it 
contains some salt, and in towns,ammonia. Being soft and contain- 
ing O, it dissolves lead. 

§46.— What is the special disadvantage of rain and other soft 
waters 7 
Their power of dissolving lead, i i 
: ‘ . 1ron, and ’ 
Pid g zinc from pipes or 
547.—-Upon what does the quality of stared rain-water depend ? 
1. The nature of the air through which it passes. 


2. The cleanliness and purity of the 
ay channels through whi 
it runs, and the condition of the cisterns or water-butts. > an 
§48.—-Under what conditions may it be used with advantage 7 
1. Where existing springs are bad from i | 
s mpregnation with 
earthy salts, as in the “ ueutral ground” at Gibraltar 
: ar, a1) 
Dutch towns. = d im many 
2. It may also be used with advantage during outbreaks of 
cholera. 
549. —As regarda quality are rein-waters good us u source of aupply ? 
Only at their sources in Juills. 
550.— How does reta-iwater become contananuted 7 
Rain-iwater may be contaminated by washing the air it falls 
through, but more so by matters on the surface on which it falls, such 
a3 decaying leaves, bird-droppings, soot, or other matter on the 
roofs of houses ;it also takes Jead from lead coatings and pipes, and 
zinc from “ANC roofs. If stored im underground tanks it may also 
receive soakings from tho soil through leakage. 
551.-- Whit ts the effect of the CO, of rain-water, after rain reaches 
the earth ¢ 
CO, in rain-water that sonks the foul surface soils, gives the 
water power to carry down to the wells a supcrabundance of im- 
purities. ; 
. 582.—For practical purposes what are the moat important data 
reapecting the depth of rainfall tn-u given district 7 
1, The least annual rainfall. 
2, The mean annual rainfall. 
3. The greatest rainfall. 
4. The distribution of the rainfall at different seasons and 
especially the longest continuous drought. , 


9 
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5. The greatest flood rainfall, or continuous fall of rain ina 
short period. 

In the question of water-supply, the least annual rainfall and 
the longest drought are the most important facts to ascertain.* 


§53.— Which are the more important of these ? 
The least annual rainfall and the longest period of drought. 


§84.— What special points are to be considered as to rainfall ? 


The mean maximum and minimum monthly raintall, from 
which the mean and extreme falls for each natural local season, 
wet, cold, and hot, can be obtained. The mean und maximum daily 
falls in twenty-four hours, for each month, in the rainy reason. 
Or, mean and maximum hourly falls, longest continuous falis and 
droughts, and special occurrences. 


These arranged in aconvenient tabular form are all the rainfal! 
data that the engineer will generally require. 


§85.—What are the proportions of the lécst, mean, und grealeat 
annual rainfall to one onother ’ 


It may be stated as the result of experience, that the propor- 
tions of the least, mean, and greatest annual rainfall at a given 
station or place usually lie between those of the numbers 2. 3, and 4 
and those of the numbers 4. 5, and 6. 


656.— What is the soundest basis upon achich to calculate the 
supply m a given district ” 
By taking the average of the three driest years, which will 
usually be about ‘ths the annual rainfall. 


557.— What is the relation between the greatest and least anneal 
reinfall to the average rainfall ’ 


About one-third above, and one-third below, the average, 
respectively. 

[For purposes of water-supply it is not sufficient to know the 
average rainfall, but we must know the extremes, namely, the rain- 
fall of the wettest and driest years. From an examination of a 
number of records of different places, it appears that the rainfall 
cf. the wettest year is generally rather more than double that of the 
driest year. If we assume the rainfall of the wettest year to be 
exactly double that of the driest, we obtain the following approxi- 
mate rule, which is exceedingly useful in practice :— 


The fall in the driest year will be one-third less than the mean fall. 
oe yy wettest 99 3 more ” i 


* Henin’s Lygiene of Water and Water-supplies. 
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For example, with an average rainfall of 24 inches, the rainfall 
in the driest year will be 16 inches, and for the wettest year 
32 inches, making the wettest year just double the driest at 


§68.-—SVhat is the best rule to adopt as regards the utilization of 
rainfall for a water-supply ? 


‘The greatest is generally about one-third more, and the least 
one-third less than the average. A safe basis is to take the average 
of the three driest years; this will generally be about five-sixtha of 
the average annual rainfall. The rainfall varies in amount often in 
placex near together. 


559.— How may we estimate the rainfall as a source of water- 
supply ? 
By taking the rainfall of the three consecutive driest years. 


560.—Are these datunccurate’ If not, how may they be swpple- 
mented 7 


Such data as the above may be used in roughly estimating the 
probable available rainfall of adistrict, but a much more accurate 
and satisfactory method is to measure the actual discharge of the 
streams (if there be any) at the same time that the rain-gauge 
observations are made, and so to find the actual proportion of avail- 
able to total rainfall. 


in addition to the knowledge of the amount of rainfall 
which can be depended upon in dry years. there must be an 
intimate knowledge of the locality from which the water is to be 
tuken. of the drainage-area which will contribute to the supply, of 
the thickness and character of the water-bearing stratum, and of 
the direction of the movement of the ground-water. 


§61.—How may the foregoing data be obtained ” 


To obtain these data with accuracy, the daily rainfall of a 
given district for a period of 20 years is necessary. But observa- 
tions over such a prolonged period are rarely to be had. Under 
these circumstances, the most reliable records of rainfall in the 
nearest station are to be obtained and calculated from. 


In cases where actual rainfall observations on the gathering 
fround have been made for a long series of years, or even where an 
approximation to this has been formed by comparison between 
newly established gauges on the ground itself and the old 
established gauges in the neighbourhood, a simple calculation 
may be ae G the storage capacity required to meet a given 
demand. The guestion of how far such caleulation will, with 
® reasonable margin, form a reliable basis for estimation of the 
storage capacity, will of course depend upon the actual rainfall 
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observations being sufficiently extensive to represent, within 
fair limits, the variations which may yet occur. Supposing this 
to be the case, and moreover that observations have been made upon 
the proportion borne by the actual flow off the ground to theamount 
of rain falling—which proportion will of course rapidly diminish as 
the absolute amount of rain is less—there can be formed a table or 
diagram of the available supply, showing its several fluctuations. 
The demand with its fluctuations to be provided for, will be known 
already, and it may be shown upon the diagram or inserted in the 
table. Then, working backwards in point of time, and taking the 
difference between the inflow and the draught, we may determine, 
by a simple process of addition and subtraction, what quantity 
will be required in store at the commencement of the several short 
periods—generally months—iuto which the time is divided. The 
maximum attained will be the net. capacity of the reservoir. beyond 
which a margin of safety must be allowed, depending upon the 
considerations already referred to. The storage capacity thus 
determined will be equal to the demand for a certain number of 
days, which number will be greater as the: mean annnal demand 
is greater in proportion to the mean annual supply, and it will also 
be found greater as the mean annual fall 1s less. 


The gathering ground having been determined, and its area 
ascertained, an estimate has to be formed of the available rainfall 
upon that area. The available fall is a quantity more or less short 
of the mean fall—how much so remains to be seen. The mean 
rainfall is determined by rain-gauges (some varieties of which have 
already been described in a former chapter). The first deduction 
from the mean annual fall is one rendered necessary by the varia- 
tions in the amount of fall. The extent of these variations, ag 
already stated, is found to be about two-thirds of the mean fall—that 
is, one-third in excess and one-third in deficit. Were the whole 
of the rainfall (neglecting for a moment the loss by evaporation) 
to be impounded, and an uniform quantity, equal to the mean 
fall, to be discharged from the reservoir, the storage capacity 
of the reservoir would have to be fur greater in proportion to the 
supply than has hitherto been found economical. The greater 
the mean supply (rainfall) compared with the mean demand, the 
less will be the storage capacity required to ensure the demand 
being regularly met; and it isnow the practice to consider as avail- 
able no morethan the mean fall for three consecutive dry years, and 
to secure & gathering ground correspondingly large. Where ah 
extension of catchment area presents difficulties, and an increase 
of storage capacity unusual facilities, a modification of this practice 
may be advantageous. The mean fall in three consecutive dry 
years is found to be, with remarkable regularity, one-sixth less than 
the mean fall, and this deduction is therefore always made; the 
one-sixth passes away in floods which the reservoir is not large 
enough to impound. a 
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§62.— Give a furmula for obtaining the actual rainfall. 


Let F, the actual downpour in 24 hours, be 0°8 feet, and the loss 
by absorption and evaporation one-fourth ; then the effective rain- 
all is :— 

f= 08 — 02 = 0°6, and the corresponding flood discharge 

per second Q, from a catchment (7) of four square leagues will be 

@ = 0°6x4 (10,000): 

24x 60 x 60 

If the rainfall or the loss vary over portions of the catchment 

area, the parts may be trented in the same way, to obtain a total 

value of Q through summation. Forthis purpose the tables found 
in most works on Meteorology can be used. 





= 2,778 cubic feet per second. 


§63.—In «a given district or country what special conditions affect 
the amount of rainfall in different parts of that district ? 


The rainfall in different parts of a given country 1s, in general, 
greatest in those districts which he towards 4he quarter from which 
the prevailing winds blow; in Great Britain, for instance, the 
Western districts have the most rain. Upon a given mountain 
ridge, however, the reverse is the case, the greatest rainfall taking 
place on that side which lies to leeward, as regards the prevailing 
winds. To the same cause may be ascribed the fuct that the 
rainfall is ‘greater in mountainous than in flat districts; and 
greater at points near high mountain summits than at points 
farther from them: and the difference dune to elevation is often 
greater by far than that dne to 100 miles geographical distance. 


$6 4.— Pht te meant by the available rainfall ? 


The evailable rainfall of a district is that part of the total rain- 
fall which remains to be stored in reservoirs, or carried away b 
the streams after deducting the loss through evaporation, hrciph 
absorption by plants, by the ground, etc. 


§65.— What is the proportion borne by the aratlable to the total 
rainfall ? 


The proportion borne by the available to the total rainfall 
varies very much, being affected by the rapidity of the rainfall and 
the compactness or porosity of the soil, the steepness, or flatness of 
the ground, the nature and quantity of the vegetation upon it, the 
temperature and moisture of the air, the existence of artificial 
Wrains, and other circumstances. 


The following are examples :-— 


Nature of Ground, Arailable Rainfall. 
Steep surfaces of granite, gneiss, and slate, nearl 1 
Moorland and hilly pasture... ee .. from ‘8 to *6 
Flat cultivated countr oe ao ...from ‘5 to *4 


Chalk ... et fi. e oy a ae 0 
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i Deep-seated springs and wells give from ‘3 to ‘4 of total rain- 
1. 


{Such data as the above may be used in roughly estimating the 

probable available rainfall of a district: but @ much more accurate 

and satisfactory method is to measure the actual discharge of the 

streams at the same time that the rain-gauge observations are 

ath and so to find the actual proportion of available to total rain- 
1. 


S66.— What is the usual hardness of rain-water ? 


About half a degree ; in other words there is in rain- water salts or 
acid equivalent to } grain of carbonate of lime to the gallon. 


567.—How may ire represent this amount of hardness of the 
water ? 


By stating that 1 grain of CaC'o, wastes about 8 grains of suap. 


568.— What is the peculiarity about the rain-water collected in the 
first showers in a manufacturing town 7? 


It contains a very large quantity of sulphuric acid and is 
charged with a considerable amount of suspended matter. Sul- 
phurous and sulphuric acids also appear to be less rapidly re- 
moved, as Angus Smith found a perceptible quantity in the air of 
Manchester; and the rain-water is often made acid and is liable to 
carry down considerable quantities of tarry and carbonaceous matter 
from the smoky air. Ammonia is found in Jargest proportion during 
the early part of a shower. A litre of rain contains about woc.c. of 
gases, namely, 8c.c. of oxygen, l6'5c.c. of nitrogen, and O-onc. of 
carbonic acid. Dew and snow-water have practicully the same 
characters as rain-water, except that the dissolved gases are in less 
amount in snow-water. 


§69.— Whatis there peculiar about the sulphates contained in ruin- 
water ? 


‘he quantity of sulphates contained in rain-water increases ag 
we pass inland, and could we exclude the 8 of coal fires, the sul- 
hates would be a measure of the “ sewage of the air” (ANGUS 
MITH). 
$70.— What is the legal limit of rainfall that must flow into rivera 7? 
One-third. 


871.— What is the amount of the rainfall available for storage ? 
It varies very considerably, but on an average about ,4,ths 
is available. 


872.— Are there any towns or cities entirely or almost entirely sup- 
plied by rain-wuter ? 


i 
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Yes: Constantinople, Malta, Gibraltar, Venice, certain towns 
in Holland and parts of South Africa. 


§73.— Why ure these places obliged to use collected rain-water ? 


Because (1) they are below the sea-level or the level of the 
rivers, a8 a result of which sewage, etc., cannot be drained off and in 
many places contaminate the soil to such an extent that wells sunk 
in the soil supplies an unwholesome water; and (2), they have no 
springs fit to drink. 


874.—Is rain-water good as a source of swpply ? 


If collected on a prepared ground, it may be good on account 
of its purity, but it is at best an uncertain source of supply; it is 
very liable to be contaminated in the large storage reservoirs that 
are necessary to keep it in. 


$78.—Te rain-wuter collected for domestic use ” 


It is; in the country, and in certain towns where the air is free 
from smoke. the rain falling upon the roofs is collected and stored 
in cisterns for domestic use. It may, however, be collected from 
any other natural or artificial impervious surface. Its softness 
renders it valuable for washing. especially if the alternative supply 
is hard, but owing to sooty and other matters acquired from the 
air and from the roofs themselves, it is seldom obtained in a state 
of sufficient purity for drinking purposes. It has been estimated 
that on the average only about two gallons per head per diem could 
be collected in this way. The annual yield is found by multiplying 
the inches of annual rainfall by the square inches of sectional area 
of the building (not the slant surface of the roof). This gives the 
cubic inches of water per annum, and multiplied by 0°0036, the 
number of gallons. If rain is relied upon for more than auxiliary 
supply, the collecting surface and storage capacity must be regu- 
lated by the minimum annual rainfall and the longest dry season. 


§76.—Compure ruin-water with spring and well-water. 


River-water is softer than spring and well-water, and usually 
contains Jess mineral matter, but its composition is very complex, 
and varies with season—e.q., summer or winter; it may also be 
contaminated with sewage, but as a rule river-water is fairly pure. 
Some springs and wells contain so much saline ingredients that they 
‘are only used for medicinal purposes, and arc known as “ mineral 
waters.” 

877.—Explain, with reference to Hea ioe the subjects of gather- 
ing ground, rainfall and atorage. 

The number of people to be supplied and the number of gallons 

head required being known, area of fathering ground required 
will depend on the following factors. The mean annual’ rainfall, 


136; __ WATER. [PART 1, 
that is, the mean fall in the driest three consecutive years on record, 
must be ascertained ; this will generally be about five-sixths of the 
average annual rainfall. A portion of the rainfall will be lost by 
evaporation and absorption. This willbe much the same year by 
year, whatever the total fall, and may be equal to a fall of 10 to 
14 inches, the total fall (in England) ranging from 16 to 70 inches, 
with a mean of 30. (There are one or two exceptional places where 
the fall is greater.) A further deduction from available rainfall 
capable of Brine stored will have to be made on account of storage 
to compensate mill-owners and others having water rights, perhaps 
to the extent of one-third or one-fourth of avuilable total. 


Capacity of storage reservoirs will depend upon area of catch- 
ment. With a catchment area large in proportion to population, 
and with a fairly distributed rainfall. the necessary storage space 
will be less than in a district where there are long droughts to be 
provided for. and where the catchment area being small it is essen- 
tial that loss by escape of water during heavy floods should he 
minimized by providing large reservoirs. __ 

Average loss by overflow of storm-water may be taken at about 
10 per cent. of total fall. Average proportion of rainfall available 
for storage may be estimated at about six-tenths of the whole. 


Reservoirs in rainy districts may contain 120 days’ supply; in 
drier districts 200 days’ supply. 
1000 
r « 
D being number of days’ supply tobe stored, and F the mean 
annual rainfall (five-sixths of average). Storage capacity may vary 
from 25,000, to 50,000 cubic fect per acre of catchment area. — 


Hawksley's formula tor storage is D= 


§78.— Does rvin-rwuter contuin ony hacteroid forme ? 


It does; the rain washes out of the air countless bacterial and 
fungoid organisms and their spores. The rain which first falls in 
a shower, and that which falls after a period of dry weather, contain 
far larger numbers of bacteria than that which falls later on ina 
storm or succeeds the first shower: 200,000 germs per litre is not an 
unusual quantity under the first set of circumstances. During the 
warm months of the year, the number of bacteria in the rain are 
greatly in excess of those found in rain falling in winter and early 
spring. The greater number of the organisms in rain are micro-* 
cocci. All the organisms (micrococci, bacilli, bacteria) found in 
rain exist to a larger extent in the form of germs or spores than in 
the adult state. Besides bacterin, pollen of grasses and flowers, 
microscopic plants such as the protococcus pluvialis, and spores of 
fungi sre found in rain; the latter being sometimes in sufficient 
quantity to cause a localised fall of what is known as “ coloured 
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&79.— How is the rainfull of urban districts rendered impure ? 


By acting as a scavenger of ths air and soil, it washes the 
sir of the streets, court yards, roofs, etc., and thus conveys away an 
immense amount of impurity. 


580.—In what manner does the rainfall affect the temperature of 
the soil and atmosphere ? ' 


During its evaporation one grain of water absorbs as much heat 
asis sufficient to raise 960 grains of water to 1° F. ‘The reason is 
that in its conversion into vapour water renders Jatent a con- 
siderable amount of heat. Soil that is well drained is ceteris 
paribus warmer than one not drained, because there is less water 
to evaporate. 


§81.—How may rainfall be collected in an area ? 


By rendering the surface impermeable by a covering of slates, 
asphalte or cement having sloped beds with outlets leading to 
a reservoir. 

§82.—How muy the arater collected frou a gathering ground be 
obtuined and kept pure ? 


The collection of drinking water from the surface of land needs, 
in the first place, a clean, uncultivated and uninhabited tract of 
land us a catchment area, and in the second place, the water stored 
in the reservoir, which is liable to become patrescent or seriously 
affected by the organisms, plants, and animaicule that inhabit 
stagnant water, requires very perfect: and careful filtration. 


§83 —To what special pointe should attention be given in the 
construction of under qround tanks ? 


To sce that they are water-tight; that they ure properly covered, 
and thoronghly ventilated ; to have them deep rather than broad ; 
to kcep the water cool and prevent evaporation; and to have them 
periodically cleaned out. ‘lhe walls may be made of stone masonry, 
slate, etc., but in the former case hydraulic mortar and nut ordinary 
mortar is to be used inthe Jointing. [Ordinary mortar yields lime to 
the water and makes i¢ “hard.” If the tank is large the roof 
should be supported on buttresses or piers. | 


584.— What spectyy! preceution is to be taken after collection ? 


- If rain-water 3s to be used for drinking purposes, it should 
always after bollghtion be filtered through sand and charcoal, or 
other equivalenf material, so as to remove suspended matter before 
storage; and ¥% should then be kept for some time in carefully- 
covered and well-aired tanks or cisterns, lined with slate or other 
impervious ypn-metallic material. A good plan is to pass the water 
from a Rolgfts’ separator through 8 conduit sufficiently wide to 
considerably diminish the velocity of the current, and over a catch- 
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pit which will retain the grosser suspended particles. The conduit 
should then make a considerable dip, so as to deliver the water at 
the bottom of the filter, though it should pass in an upward direc- 
tion to an effluent pipe conveying the filtered water into a covered 
slate-lined tank. The filter may consist of successive layers of 
coarse sand, charcoal, magnetic carbide, or other equivalent purify- 
ing material ; coarse gravel, and sand. 


S85. — What are the effects of rain-water on iron storage tanks and 
iron pipes connected with them ? 


When iron tanks and pipes are used for the storage and distri- 
bution of rain-water, the metal becomes rapidly corroded; and no 
useful purpose appears to be served by coating the iron with zinc 
(galvanising) ; for the zinc is quickly removed, and the water be- 
comes turbid with zinc compounds, and even contains this metal in 
solution. This zinc-caused turbidity persists until all the coating 
of zinc has been removed. 


586.— How ure the under-ground cisterns prepared in Venice ” 


An excavation is made in the soil as deep as practicable, gener- 
ally about ten feet, and a brick floor and walls are built witha 
backing of puddied clay, so as to be water-tight. The walls are 
sometimes vertical, and sometimes they slope outward. A well- 
hole is built of brick, water-tight except atthe bottom, where 
openings are left. The cistern is then tilled with sand, and drains 
are constructed to collect and distribute the rain-water which runs 
from the houses and falls upon the streets and courtyards. The 
water is thus subjected to filtration through sand, and, as there are 
no draught-animals in Venice, the street-wash is not as bad as it 
would be in other places. 


587.— What precwutions should be tuken in the construction of 
tanks and wells when the ground is porous ? 


When the ground is porous the brick lining should be of 
radiated bricks, with close vertical joi&ts, and backed with pud- 
dled clay, 8 or 9 inches in thickness. Instead of clay a common 
kind of asphalte may be used, composed \of gas tar and any uon- 
porous dry material screened throngh }{h inch meshes, and 
worked as for dry cesspits, for both floor and backing of walls. 
The thickness of this need not be more than an inch, but 
care should be taken that it is not less in any part than 4 an 
inch. In this case the radiated well bricks should also he laid wit 

hydraulic mortar or with cement. 


S88.— Describe another method of lining the tanks. 


Another method is to use no bricks at all, but ao render the 







sides of the excavation impervious with Portland cemat in three 
coats, the full thickness of the cement being not less than an inch. 
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In this case it is very necessary that the sides be rimmed down to 
anexactcircle. It has been objected to this method that the ground- 
water may rise outside the tank above the level of the water within it, 
and, by its hydrostatic pressure, burst off the cement lining. This 
would probably be so if care were not taken to make the excavation 
circular ; but that being done, and there being necessarily an equal 
external pressure all round the well, the cement ring would be put 
under a compression not greater, in all probability, than it could 
withstand. If it be desired to havea brick lining, and to coat the 

‘face of that with cement, the bricks should be laid dry, to prevent 
settlement of mortar joints. 


589.— What would be the intrinsic cost of water under the fore- 
gotny circumstances ? 


If we suppose the tank and pump to last, with a full allowance 
for repairs, only 30 years, there would be procured in that time 
100,000 gallons of water. If we take the first cost at £6, and allow 
2 per cent. per annum for repairs, or 2s. 6d. every year during the 
30 years, and add 3d. for redemption in 30 years at 5 per cent., and 
capitalise that combined annual payment at 5 per cent., we shall 
add 55s. to the £6, making £8 15s., or say £9. Por this sum, in- 
cluding prospective expenses for 30 years, a quantity of 100,000 and 
odd gallons of water would be procured, being at the rate of about 
le. 9d. per 1,000 gallous, or 48 gallons for a penny. 


§90.— How may such « rvell be covered 7 


A well of small diameter may easily be covered with stone 
flags, or cast-iron plates, or it may be Somed over. It is neces- 
sary to leave an air-hole in the cover, and to protect it with a 
hood so that it cannot be reached for mischief. 


591.— What should be the dimensions of the store-reeervoir of rain- 
water wuler various circumstances in England ? 


If all the rain-water is to be stored and used gradually and 
riled day by day, the capacity of the tank should be from about 
1, gallons in the western counties to wbout 2,000 gallons in the 
eastern counties; but the rules of storage capacity applicable to 
water-works reservoirs do not apply in this case, because, in small 
houses, it is impossible to limit the quantity daily drawn out of the 
tank (although that is quite practicable in the case of a mansion), 
and if the proper average daily quantity be exceeded it thruws out 
any calculation which might be made on the basis of a given daily 
quantity to be used. If the tank be made to hold 1,000 gallons, it 
will be of reasonably sufficient size for one house, and this would be 
‘contained in a space 6 feet square and 4} feet deep, or in one 5 feet 
aquare and 6} feet deep. But, perhaps, the cheapest tank that can 
be made ia a well. A circular well may be sunk, 5 feet diameter, 
to a depth of 15 feet; and if the ground be a stiff retentive clay to 
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that depth, a trial hole should be dug in the bottom to the depth of 
8 foot or 18 inches to ascertain that the clay continues to a sufficient 
depth below the bottom of the well, the hole being carefully filled 
in again with puddled clay. The well may then be lined with half- 
brickwork in hydraulic lime mortar, leaving a clear diameter of 
4 feet 3inches. Ifthe bricks be laid dry the water will pass throngh 
the joints to the clay at the back and dissolve it, and part of it will 
be washed into the well as the water-surface lowers; and if the 
mortar be made of other than hydraulic lime, it will be dissolved. 


§92.— What impurities may be found on the roofa of houses ? 


_ The roofs of houses are fouled by bird-droppings and by decay- 
ing vegetable matter and soot. Rain washes these off. hence in col- 
lecting rain-water from roofs the first part is to be rejected. 


§693.—In calculating the area of a collecting roof what do we esti- 
mute ? 


The area of the base of the house. The slopes are not counted, 
§94.— Does the slope of a roof interfere materially with the result ? 


It does not; but it is more accurate to take merely the flat 
surface area corresponding to the area of the ground-floor rooms, to 
which we add the sectional area of the walls and caves. 


5§95.— How may we estimate the reinfall off the roof of a. 


Ascertain the area* of the roof in square feet, multiply it by 
144 (which brings the urea to square inches) and multiply this 
by the rainfall, the result is cubic inches of water. To convert 
this into gallons, multiply by 277°274; or divide by 1,728 feubic 
inches in a foot) which gives the cubic feet of water. [A cubic foot 
of water weighs 62°5 Ibs; and measures 6} gallons; 1 gallon of 
water weighs 10 lbs. ; 62°5 Ibs. = 1,000 ounces = weight of a cubic 
foot of water. ] 


When roofs are used as collecting surfaces for rain-water, the 
first portion of rain which falls and descends from the roof should 
be rejected, as it is liable to be much polluted with soot, vegetable 
matter (leaves), and animal matters, excrement of birds, etc., washed 
off from the slates or tiles. 


If the amount of roof space per head in a town is 60 square 
feet, and the rainfall 30 inches in the year. deducting one-fifth for 
evaporation, 207,360 cubic inches of rain (= 120 cubic feet or 748 
gallons} is the amount available for each person in a year, which 


* Tn calculating the area, the flat surface and not the slope is to be measured ; 
this is d by the total area of the rooms on the ground-floor to which: 
ie added the thickness of the walls and eaves. 
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is equal to about 2 gallons daiiy. This is the amount available 
from the rainfall—30 inches—of an average year. 


One cubic foot, or 1,728 cubic inches, of water being equivalent 
to 6°25 gallons, the number of gallons of water can be easily cal- 
culated. It has been estimated that even if a rain-water supply 
for towns were desirable, the amount collected from the roots of 
houses would scarcely average 2 gallons per person daily, assuming 
the average rainfall to be 20 inches, and that there was a roof area 
of 60 square feet for each individual. Asthe roofs of houses are— 
or should be—quite impermeable to water, there is no percolation 
or sinking in of the fallen rain. 


596.— How should it be stored 7 


In underground tanks or cisterns properly constructed and 
secured from al) forms of contummation. 


§97.—SVhat part of the rainfall cun be used for storage ” 


About half is lost by eva; oration or percolation leaving only 
about 3 gallons per head. 


598.—What are the chief impurities of such water ” 
Cl, NH,, and nitrites and lime absorbed from the cement. 


§99.— What precuutions are to be taken in regard to the collection 
and aturage of rain-water 7 


When rain-water has to be collected from buildings and stored 
for drinking purposes, special precautions must be taken to ensure 
its cleanliness and freedom from metallic compounds and from 
organic impurities. For this purpose it should never be collected 
from surfaces of lead, and even roofs covered with sheet zinc or 

alvanised iron communicate some zinc tothe water collected on 
them. Roofs covered with slate afford the best collecting surfaces 
for rain-watcr. The first water collected after dry weather is always 
dirty, polluted with the excrement of birds, and contains vegetable 
spores. 


600.— What apparatus has been invented and highly commended 
for the separation of gross wnpurities of rain-water and 
Jor tts collection i a pure atate ¢ 


Mr. Charles Gay Roberts has designed a very ingenious and 
effective separator for automatically getting rid ofthe firat and 
dirty rain-water falling after ie 2 t—the ‘ Automatic Rain 
Water Separator” or “Collector,” by which the first part of 
the rainfall is prevented from flowing into the storage tank. 
This is so arranged that part of the apparatus is aslant, and 
throws off the first part of the rain which has washed the 
dirt from the roof. 


142 WATEE, — [PaR® 4, 


’ 601.— How is the A bapa brought into action as regards the col- 
lection of the rain-iwater : 

The change of position is effected by the gradual accumulation 
of a small portion of water in the chamber of the canter; when 
the water reaches a certain height, it makes the left side heavier 
than the right, and the canter turns a little on the pivot that 
supports it, so that the water is delivered two inches further to the 
right than it was before; and whereas it at first ran through into 
the waste pipe, it now runs through into the storage tank. 


In a very slight rain the whole of the water passes through the 
strainers and a hole, and when it is not enough to effectually 
wash the roof it all escapes without making the canter move. 
When there is more rain than can pass through the hole it rises, 
and a small quantity runs over the side of the funnel, slowly filling 
the chamber. When the chamber is filled to a certain height, it 
over-balances the canter and makes the water run tostorage. This 
change in position causes the water to run into oue chamber and 
cease to run into the other. As the water sinks in one it also sinks 
inthe other causing the apparatus of the siphon to act and empty 
_ the chamber. 

As soon as the chamber is empty, the canter rights itself, ready 
for the next rainfall, the right hand side of the canter being heavier 
than the left when it is empty. By means of the joint action of 
the sluice and the holes the flow of water in the working part of the 
separator is 80 regulated that the chamber is filled to the canting 
point a8 soon 48 & certain quantity of rain has fallen. 

[A vertical separator is used where a single stack pipe carries 
the water from the roof to the tank. ] 


602.—If the people of Enyland had to depend on rovf-collected rain- 
water, could this provide sufficient for all prirposes ? 


In most English towns the amount of roof space for each per- 
gon cannot be estimated higher than 60 square foet, and in some 
r districts is much less. Taking the rainfall in all England at 

30 inches, and assuming that all is saved, and that there is no loss 
from evaporation, the receiving surface for each person would give 
935 gallons, or 24 gallons a day. But as few town houses have any 
reservoirs, this quantity runs in great part to waste in urban 
districts. In the country it is an important source of supply, being 
stored in cisterns or water butts. If, instead of the roof of a house 
the receiving surface be a piece of land, the amount may be calculated 
in the same way. It must be understood, however, that this is the 
total amount reaching the ground; all of this will not be available ; 
some will sink into the ground, and some will evaporate; the 
tity lost in this way will vary with the soil and the season from 

the one-half to seven-eighths. To facilitate these calculations, tables 
have been constructed by engineers. 
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603.—Give a Table showing the daily yield of water from a roof of 
given area with varying ruinfalls. 


Area of House, 10 feet by 20 feet, or 200 square feet. 
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For any other size of roof or amount of rainfall. the numbers 
will be proportional. 


The amount of evaporation from the surfaces of roofs may be 
tuken as averaging throughout the year 20 per cent. of the rainfall. 
The evaporation 1s greatest where the rainfall is least, and vice 


604.—How may we find the amount of rain-water that can be col- 
lected from any roof ? 


Reduce the area to square inches, multiply by the rainfall, and 
the result by ‘003607 to find the number of gallons supplied, or by 
"00008 for cubic feet. One inch of rain gives 4673 gallons for every 
square yard, or 22,617 for each square acre. 


605.—Give an example as to the method of calculating the rainfall 
from a prepared receiving surface and from a roof. 


Suppose the rainfall to be 20 inches per annum, and the area 

of the receiving surface 500 square feet. Multiply the area by 144, 

to bring it into square inches, and this by the rainfall, and the 

product gives the number of cubic inches of rain which fall on the 
receiving area in & year. 

606.—What is the supply im the case of a house 40' x 20' with 42 

inches of rain per annum ? 
A house 40 feet by 20 feet, i.e, covering 800 square feet, would 
receive upon its roof, with a rainfall of 42 inches, 2,800 cubic feet 


of water in the course of the year. This would be about 21,000: 
gallons, or about 60 gallons per day on the average. 
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Care should be taken that the numbers multiplied together are 
brought tothe same denomination. In estimating the amount of 
rain that can be collected from a sloping roof, take the area as that 
of a transverse section of the house including walls and eaves; that 
is, take the area of the ground covered by the roof. If the average 
rainfall be 20 inches, it would only give 2 gallons per day to each 
person if collected only from roofs of houses in towns, assumin 
each house to have un average roof area of 60 square feet to eac 
individual.* 

607.— Express in gallons, an inch of rain per square yard. 

4673 gallons. 

608.— How many square yards in an acre ” 

4,840. 

609.— What are the various equivalents of one inch of rvin over an 
acre of ground ? 

An acre consists of 6,272,640 square inches, so that one inch 
of rain falling on any day gives 3,630 cubic feet of water to the acre, 
22,622 gallons, or 2,262,250 lbs.; which divided by 2,240 (Ibs ina 
ton) gives 101 tons (approximately) of water per acre. For every 
xpath of an inch one ton of water must be calculated. 

610.— How is the amount of water provided by rain calculated in 
a given place ? 

By multiplying the rainfall into the areca of the receiving 
surface. 

611,— 1s rain-water collected from rovfs of houses always of reli- 
able quality ? 

It is not ; the rain-water collected fromthe roofs of houses and 
stored in underground tanks is often impure; it is often polluted to a 
dangerous extent by excrementitious matters, and is rarely of suffi- 
ciently good quality to be employed for dietetic purposes with 
safety. 

612.— Whence is rain-waier usually collected ? 

It is usually collected from the roofs of houses, and occasion- 

ally from paved or cemented and prepared ground.t 
613.— How are the channels of the gathering ground formed? 

They may either be the natural watercourses of the district or 

these may be supplemented by closed drains or open ditches. 
614.— What is the objection to open ditches as channels ? 

They form receptacles for vegetation, and as the current in them 
must necessarily be slow, there is considerable loss by evaporation. 
The position, extent, and dimensions of the drains leading to the 
reservoirs will depend upon the configuration of the district. 


* AruEex’s Aids to Sanitary Science. 
¢See Hentr'’s Hygiene of Water and Water-supplies. 
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615.—How may rain-waler be filtered ? 


For the filtration of rain-water it is a common practice to con- 
struct a filter underground, in which case certain precautions are 
necessary. It is essential that the brick which contains the sand and 
the gravel should be built in cement, soas to render it impervious 
to soakage from the surrounding soil. Sometimes, in addition to 
sand and gravel, charcoal is introduced, but this is objectionable, 
because the water has afterwards to be stored, and charcoal imparts 
to water a material which favours the growth of vegetable micro- 
organisms. Such filters as these are apt to be neglected, on account 
of their inaccessibility. It is not easy, even if every facility is offer- 
ed, to induce the public to systematically cleanse and inspect them, 
but if any difficulty stands in the way of doing so, it is hopeless. 


616.— What quantity of water is there in an inch of rain per acre? 


About 101 tons, 3,630 cubic feet, or 22,622 gallons. 
617.— What are the various equivalents of different volumes of 
water 2? Give also the various factors required m rain- 

water, and public water-supply calculations. 


1 gallon=10lbs ='1605 cubic feet=70,000 grains, 
= 45454 litres=-277°273 cubic inches. 
224 gallons=1 ton=o'y42 c. feet=1'381 c. yards. 
1 pint=34°6592 cubic. inches=125 lbs.=0°206 c. feet=-5679 
litre=8700 grains 
1 fluid ounce=1°72 cubic inches=437°4976 grains. 
ldram avoir.=27'°3486 grains. 
1 cubic inch =252°5 grains. 
30942 c. ft. =1 ton. 
1 cubic yard =168°2694 gallons. 
1 cubic toot =997 ounces (or approximately 1000 ounces) 
1 foot of water at 62° F.=62-+ lbs. pressure on the square foot. 


Do. = 04333 Ibs. on square inch, 

Do. = (0295 atmosphere. 

Do. == 0°8823 in 32° F. 

Do. =773 feet of air at 32° F. and 1 atmo- 
sphcre. 


1 lb. on square foot §='016 fcet of water. 

1 atmosphere of 29°992 inches of Hg.=33'9 feet of water. 
Linch of Hg. at 32° =1'9334, 

1 foot of air at 32° ¥. and one atmosphere=:001294., 

1 foot of average sea-water=1°026 ft. of pure water, 


The amount of water given by rain is calculated from (1) amount 
of rainfall, and (2) the area of the receiving surface. 


10 
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The former is ascertained by a rain-gauge; the area must be 
measured (4,840 square yards=one square acre; 640 square acres= 
one square mile, and 9 square ft.=1 square yard); then area in sq. 
feet x 144 (to bring to square inches), X rainfall= total amount (in 
cubic inches) on area in given time. 

Product (in cubic inches) + 277:274, or x 0°003607 = number 
of gallons. 

One inch of rain=4°673 gallons on every square yard, equal to 
101 tons of weight on each square acre. 


One cubic foot of water=6'2355 gallons (6} approximately). 
Inches of rainfall x  36380=cubic feet per acre. 
X 2,323,200=cubic feet per square mile. 
. X145=million of gallons per square mile. 
Number of feet of rain X 193,600=cubic feet per square mile. 
‘ x 302°5 =cubic feet per acre. 
Feet per second x°68=feet per mile. 
‘5 x 20=yards per hour. 
Cubic feet per second x 6}==gallons per second. 


g¢ 


is x 375=gallons per minute. 

. x 22=thousands of gallons per hour. 
- x oWU=thousands of galions per diem. 
ns x 2400=tons per diem. 


618.— What is meant by Monsoona ” 


Just as breezes are set in motion by the accumulated heat of 
the day and the radiation during the night, so the accumulated 
summer heat and winter cold over Jarge continental areas is suffi- 
ciently powerful to set in motion, seasonal or periodic winds, known 
as “ Monsoons” (from an Arabic word meaning “scason”’), blowing 
half the year in one direction and the other half in the opposite direc- 
tion and even reversing the Trade Winds. Though local monsoons 
are produced on the Guinea coast by the Sahara, and in the West- 
ern North America by the great plateau in that region, the chief to 
which the name was originally applied are those of India, or rather, 
of Central Asia which are so intensely heated as to have an average 
temperature of 90° F. and consequently became the centre of a low 
pressure area. Air flows into this area from all sides—from Siberia 
on the north, from China on the south-east, from Jndia on the south 
and from Europe on the west. In winter, on the other hand, matters 
are reversed, the temperature falls to the freezing point, the pressure. 
rises proportionately, and the wind flows out in all directions, Thig 
winter wind the North-East Monsoon of India blowing from October 
to April over the Himalyas, is a cool a wind, whilst from April to 
oO r the hot South-West Monsoon blows from the Indian Ocean 
laden with moisture, which is precipitated in contact with the 
mountains. 
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619.—ZHeplain the formation of Dew. 


When a glass or metal goblet of cold water is brought into a 
warm room its outer surface is dimmed with minute drops of 
water condensed from the moisture in the surrounding air, in like 
manner on» clear summer evening the blades of grass become 
covered with dew. If the sky is cloudy the air will be warmer and 
dew will not form. Grass and other leaver freely radiate, or give off 
into space, the heat they have received during the day, and the air 
around them is gradually cooled down to its point of saturation or 
dew point, when the dew will be deposited. Clouds, however, ob- 
struct this radiation, and so make the night warmer and hinder the 
formation of dew. which is therefore more copious on a clear night. 
The soil does not radiate heat so as to fall below the temperature 
of the adjacent air as readily as do the leaves, and therefore the 
dew is mainly precipitated upon them. In hot countries, where the 
amount of aqueous vapour in the air is very great, the copious 
dews are of much service in long droughts or in rainless areas. 


620.— Wht is mernt by the Snow-line ? 


‘The snow line or line of perpetual snow, is a line above which 
the snow never entirely melts. Within the tropics this line is about 
16,000 feet (three miles) above sea-level. At Quito, near the Equator, 


it is at 15.800 feet: in Mexico, 19° N. at 14,800; on the south side of " 


the Himalayas, which is supplied with abundant moisture from the 
Indian Ocean, it is at 16,200 feet, but on the north side, which is 
heated by the dry air from Thibet, at 17,400. In Granada, lat. 37° N., 
it is at 11,200 feet, and on the Mount Blanc, lat. 46° N., 8,500 feet. No 


point in the British lsles actually reaches the snow line. In Iceland, ; 


in lat. 6° N., it is at 3,100 feet ; in the Island of Mageroe, on the North 
Coast of Norway 2.000 feet, and at Spitzbergen at the sea-level. 


621.—ELuplain the formation of Mist. 


On a still summor evening the valleys of streams and the 
surface of lakes often become covered with a mist or cloud. This 


is produced by the radiation from the ground being more rapid than ' 


that from the water, so that the vapour given .off from the latter is 
chilled and condensed. Mists also form commonly on mountains, 


when a warm wind strikes upon their sae a and ascends into colder ° 


altitudes. A mist only differs from acloud in being close to the 
ground. Clouds are always raining, since the drops of which they 
are composed always tend to obey the action of gravity. 


623.—Hapluin the condensation of atmospheric vapour. — | 


Just as steam is visible inside a flask half filled with boiling 
water, or as it is leaving the spout of a kettle or the funnel of an 
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engine, and as it comes into contact with the cold outer air is condens- 

‘ed into a cloud of minute drops of water, su the moisture in the air is 
condensed into what is sometimes called visible vapour when the 
temperature is lowered or when the moisture-laden air ascends to 
colder regions of the atmosphere. ‘l'his leads to the formation of 
dew, hoar-frost, mist, cloud, rain, snow, or hail, the various forms in 
which the precipitation of atmospheric moisture takes place. 


623.— Explain the formation of Hoar-frost. 


When the temperature near the ground falls very low from 
excessive radiation, as in a still clear night in winter, the dew as it 
forms, instead of appearing as small drops of liquid crystallises into 
solid, geometrically regular particles, or crystals of ice. It is then 
known as rinie or hoar-frost. Windy weather is unfavourable to the 
formation of dew or hoar-frost, as the air is carried away as rapidly 
as it is cooled. 


624.— What is Hail ? 
Hail is probably dueto the freezing of rain-drops in their passage 
through strata of air colder than those in which they were formed— 
drops of rain more or Jess suddenly formed. 


sae the occurrence of Hail. When does Hail generally 
f 


It is generally in hot weather, especially in summer and in con- 
nection with thunder-storms that precipitation takes place in the 
form of hail. Hail consists of pellets of ice, generally conical- 
sha and denser at the base, the apex being often broken on 
striking the ground. The hailstones are believed to originate in a 
very sudden condensation of the moisture in one atmospheric cur- 
rent in contact with another. They vary in size and become 
apparently striated by agglutination in falling. In tropical and 
sub-tropical storms the hailstones are sometimes asa large as a 
hen’s eggs, or even larger.* 

626.— What peculiar phenomena arise from the formation of small 
erystals of we in the air? 


In cold countries the sir is often filled with small crystals of 
ice which give rise to the phenomena of haloes and parhelia. 


627.— What is Sleet ? 
Half-melted snow, and it is in the intermediate condition 
between this and rain. 


*In a recent hail-etorm in Hyderabad the hailetones weighed an ounoe 
sort, es Indian Medical Record, March 1898, for a description of that 
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628.— What is the equivalent of one inch of rainfall in 24 hours in 
cubic feet over an acre of ground ? 


Rainfall at the rate of one inch in 24 hours delivers upon each 
acre of drainage area about 2°5 cubic feet of water each minute. 
629.—By what formula may we ascertain the amount of rain ? 


; Area in square feet X by 144 x rainfall in inches~+1728 = cubic 
eet 


Cubic feet x 6°24 = gallons 

or simpler, in which the error is 4 per cent :— 

Ares in square feet x half the rainfall in inches=gallons. 
1 inch of rain delivers 5 pees gallons on each square yard. 


9 ry) vy 39 > acre. 
” ” 101 tons ” ”” ” 


[The average rainfall for all England is 30 inches annually. ] 


630.— What is the equivalent of an inch of rain over a square yard 
and a square acre ¢ 


One inch of rain delivers 4°67} gallons on every square yard, 
or 22,617 gallons (101 tons by weight) on each square acre. 


CHAPTER VI. 


QUANTITY OF WATER REQUIRED. 


631.— What quantity of water is daily consumed by an adult man ? 
From 70 to 80 ounces. 
632.— How much is (a\ actually drunk, and (b) how much is taken 
into the system in the so-called solid food ? 


(a2) From 50 to 60 ounces is drunk, and (b) from 20 to 30 ounces 
is contained in solid food. 
633.—How much water docs a healthy adult male require per diem ? 


A healthy adult requires daily from 70 to 100 oz. of water for 
the process of nutrition, about one-third of which is contained in 
articles of dict (in the so-called dry food), the other two-thirds being 
supplied in the form of liquid. 


634.— How much water is ingested daily per pound weight of body ° 
Half an ounce per pound weight of body. 
635.—By what organs af the body ts water lost ? 


We are constantly throwing off a lot of water from our body— 
from the lungs in the form of watery vapour; from the skin in the 
form of sweat; and from tho kidneys, as urine; a small quantity it 
also lost in the faces. 
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636.— Give a table showing what you consider to be the least, great- 
eat, and the awerage supply of water per head in a manu- 
facturing town, specifying the purposes for which the 
quantities stated are required ? 




















Gallons per day per head. 
Least. | Grentest.! Average. 
Used for domestic purposes e a 15 10 
Washing streets, extinguishing fires, 
supplying fountains ae 3 | G4 3 
Allowance for trade and waste ae oo cs 7 
= 
Total in non-manufacturing towns 17 | 20 | 20 
Additional demand in manufacturing : 
towns ; 10 | 10 . 10 
Total in manufacturing towns i | OF | 30 | 30 





le rane a ae ere erect ot 








neti 


637.—In gross amounts what is Professor RANKINE’S eattinate ? 


An estimate of 1 gallons daily per individual for domestic 
purposes, 10 for municipal purposes, and 10 more for trade purposes 
in manufacturing towns. 


638.— What quantity of water is reyuired per head of population ? 


After giving considerable attention tothis subject, the late Pro- 
fessor E. A Panin arrived at the conclusion that 25 gallons per head, 
per diem, is the minimum quantity of water to be allowed. 1n places 
where sewers are in existence, it is necessary that this amount of 
water should pass through the house drains into them, in order to 
guarantee the complete removal of all solid waste and keep the sewers 
clean. {In England many poor families, either from the difficulty of 
obtaining water or of getting rid of it, or from the habits of uncleanli- 
ness thus handed down from father to son, use an extremely small 
amount. It would be quite incorrect to take this amount as the 
standard for the community at large, or even to fix the smallest 
quantity which will jnst suffice for moderate cleanliness. We 
have proved, from special observations {made on the snbject, 
that the ordinary village occupant (in Hyderabad, Deccan, parse} 
does not use more than two gallons of water a day (unless the wel 
is at his very door), 1 quantity altogether inadequate to effect the 
Jeast semblance to domestic or personal cleanliness. ] 


oo 


* From Prof, Raxxine’s Civil Engineering. 
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639.— How much should be allowed for town and trade purposes? 


For washing streets, alleys, courts ; for extinguishing fires, for 
fountains, public water-closets and urinals, allowance for trade in 
some manufacturing town 5 gallons; and for exceptional manu- 
factories 5 gallons. 


640.--How much water per head is required in a rural village 
without sewers ? 


About 12 gallons per head, per diem. 
641.— How much ina manufacturing town ? 


About 35 gallons per head, per diem. 
642.—How much in a non-manufacturing town 7 
About 25 gallons per head, per diem. 


643.— if 25 gallons per head per diem be supplied in general terms 
how would it be distributed ” 


(a) For domestic purposes, 12 gallons. 
(b) General bath, 
(c) Water closets, 6 ,, 
(¢@) Unavoidable waste, 3 & 


*9 


644.—Is this yuantity of water actually necessary ” 


It is in “ sewered” towns, for it requires this quantity to keep 
the sewers free from deposit. [In towns such as Oxford, Norwich, 
etc., where the old-fashioned privies still exist, from 10—12 gallons 
may be enough. | 


645.—In apportioning the daily allowance for all purposes, what 
scale did the late Professor PARKES lay down ? 


Domestic supply ... ee es oi 12 gallons. 
General bath sa ms on 4, 
Water closets —.., Sa ws as 55 
Unavoidable waste ses oe beg 3 


be 


20 gallons. 
<a 


Municipal purposes { Pouageuningtves | 5 gallons. 
Trade... is6 es sae Sins ews 


5 5, 


35 gallons. 


The following table gives in a collected form the quantities 
required on an average for various purposes :— 
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Domestic wee : Gallons per head daily: 

Drinking (besides which 20 to 30 ounce 
is taken in bread, meat, etc.) ... ee 0°33 
ing at se ia ne 2 0°75 
Ablution, including sponge-bath, 25 galls. 0°00 
Share of utensil and house-washing 3°00 
Share of clothes-washing oss 3°00 
Water-closets... ie see gid... 3 6°00 
General bath (weekly about 30 gallons) ... 4°00 
Unavoidable waste ... me set a 3°00) 


bo 
< 
S 
XR 


646.—Is this quantity absolutely needed in towns ? 
It is. [Alltowns with water-closets require 25 gallons per head 
per diem to keep the sewers clean and free from deposit. | 
647.—For what additional purposes is water required ? 
Town and trude purnoses : 


Washing streets, courts, etc., extinguish- 
ing fires, supplying fountains, etc., al- 
lowance for trade and for animals in 
non-manufacturing towns (varies ; Lon- 





don has 18 gallons) me 34 ae 5X) 
Allowance for exceptional manufactures. a0) 
10°00 


Making a total of 35°08 


648 .— Upon what data was the above-mentioned quantities slijru- 
lated ” 


In fixing the above quantities, viz., 12 gallons per head for all 
domestic purposes except general baths and closets, 4 gallons addi- 
tional for general baths, and 6 for water-closets, endeavours have 
been made to base them upon facts, and they are probably not 
much in error. It is, however, necessary to make some allowance 
for unavoidable waste within the premises and for extra supply to 
closets, and it will be a moderate estimate to allow 3 gallons daily 
per head for this purpose. This will make 25 gallons. 


amount of water is allowed per head in the British 
Army ? 
Fifteen gallons. [No allowance is made for the wives and 
children of British soldiers. | 
650.—How much water per head is usually supplied in towns 7 
25 gallons. 
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651.— How much of this is used, and how much goes to waste ? 


The ordinary calculations for unavoidable waste is 3 gallons. 
But there are reasons for considering that in many cases as much 
as jrd goes to waste through leakage at joints of pipes. 


652.—What is Sir James Rawlinson’s minimum estimate for 
manufacturing towns ? 


It is 20 gallons per head daily. 
653.—How much may ordinarily be allowed for cooking purposes ? 


The amount of cooking has been estimated at from half a gallon 
to a gallon daily for each person. 


654.—In supplying a town, what anount of water should be 
aimed at ? 


Fifty gallons per head per day. , 


655 — What amount does the hydraulic engineer fie as his stand- 
urd in eatimating the demands of a town ? 


Fifty gallons per head per diem 


656.— What is the least quantity of water allowable per diem for 
each individual ? 


_ _If restriction in quantity is compulsory, four gallons per diem 
is the least quantity allowable. 


657.— What is considered to be the minimum allowance for personal 
and domestic use ? 


12 gallons. 


658.— Allowing for baths, water closets and iaste, what ts con- 
sidered the minimum supply allowable in towns ? 
About 25 gallons. 


659.— Whit ia the least allowance where personal and domestre 
cleanlincss ta to be maintained ” 


12 gallons per head per diem. 


(It is generally estimated that from ten to fifteen gallons of 
water per head per day are required for personal and domestic use, 
five to ten gallons for municipal purposes, and a similar quantit 
for trade purposes, but all these items are liable to very wide vari- 
ation. About twenty or thirtv gallons per head are supplied in 
most towns in Great Britain. The average daily amount taken in 
food is about half a gallon, but at least a pint of this is contained 
in solid food. Half a gallon more is used in cooking. Parkes allows 
in a middle-class household six gallons per head for domestic wash- 
ing, five for ablutions including a sponge bath, six for water-closets, 
four for general baths, and three for unavoidable waste.*] 


* WHITtTLEGGE's Hygiene and Public Health. 


454 WATER, | [Parr x, 


660.— How much water is required for an ordinary bath ? 
From 18 to 20 gallons. 


_C(N.B.—A man weighing 12 stones occupies 3 cubic feet of space 
which is represented (approximately) by 19 gallons of water.] 


661.—How much water is required for an ordinary full length or 
a plunge bath ? 


From 40 to 60 gallons of water. 


662.—Calculute this cubic capacity from the fact that a man 
12 stone in weight can just float in water. 


A man in floating displaces his volume of water, and it has been 
calculated that a man of this weight displaces 19 gallons of water 
which has a cubic capacity of 3 cubic feet (approximately). 


663.—JVhat additional allowance is to de made where water-closels 
are used ? 


An additional allowance from 4 to 6 gallons must be provided. 
Latrines require a less amount. 


664.— Discuss the guestion as to the wmount for toter-closets. 


The common arrangements with cisterns allow any quautity of 
water to be poured down, and many engineers consider that the 
chicf waste of water is owing to water-closets. In some districts, 
by attention to this point, the consumption has been greatly re- 
duced ; in one case from 30 to 18, and in another from 2() to 12 gallons 

head. It has not yet been precisely determined what quantity 
should be allowed for water-closets. Small cisterns, termed water- 
waste preventers, are usually put up in towns with constant water- 
supply, which give only a certain limited amount each time the 
closet is used. The usual size now in use holds about 2 gallons; 
but even 2 gallons are often insufficient to keep the pan and soil-pipe 
perfectly clean. This depends a good deal upon the kind of closet 
used.* The water-waste preventers must be sometiines allowed to 
fill again, and be again emptied. Considering also that some persons 
will use the closet twice daily and sometimes oftener, and that occa- 
sionally more water must be used for thoroughly flushing the pan 
and soil-pipe, 6 gallons a day per head should probably be allowed 
for closets. In this particular instance a false economy in the use 
of water is most undesirable. Water latrines require less; the 
amount is not precisely known; the experiments of the Royal En- 
gineers at Dublin give an average of 5 gallons per head, but it is 
considered this might be reduced. 


665.—If baths, water-closets, personal and domestic cleanliness 
are maintained, what quantity should be allowed ? 


Twenty-five gallons per head per day. 








Sttchetreerac 
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666.— How much water does the Act of Parliament allow for each 
flush of the closet ? 


Two gallons for each flush; but this 1s too little to flush the 
basin and clear the traps well: and the further off the wuter-closet 
is from the main sewer the more water it requires. 


667.— What is the minimum amount of water required in water- 
closet cisterns, and under what conditions should its mech- 
aniem operate 7 


The water-supply should not be less than 2 gallons for each 
time of use; the amount and force should be sufficient to wash 
everything through the syphon. Water-waste preventing cisterns 
only should be connected directly with the supply of water-closets ; 
the best are those that work by eypien action, one pull of the wire 
-being sufficient to set it going; the cistern should be at least 4 feet 
above the pan. 

668.— How much per head per diem should pass into each pan ? 
Six gallons. 


669.— What should be the least amount in each flush ? 
Two gallons. 


670.— What is the regulation quentity of water in each flush of the 
closet ? 
Two gallons. 


671.— Mention a simple means of reducing waste from carelessness £ 


That of compelling those who use the water to pay in accordance 
‘with the quantity used as measured by the water metre. 


672.— What is the great hygienic disadvantage in this method ? 


That of leading to scanty use of water, with all its evils, espe- 
cially amongst the poorer classes. 


673.— How much should be allowed per patient in hospitals ? 
Forty-five gallons per patient. | 
674.—Jlow would this quantity be distributed in hospitals ? 


Drinking, cooking, kitchen utensils ‘ia ... 93 gallons. 
Personal washing and general baths a ... 20 re 
Laundry washing ___... ee | ss sie se i . 
Hospital washing, cleaning utensils, etc. ... sn Me 
Water closets ... st os aa ack wo. 12 “a 


Total... 45 gallons. 
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675.—How much water is required to keep sewers clean ? 
Twenty-five gallons per head per diem are required to keep 
ordinary well-laid sewers clean; but extra water has to be used from 
time to time for flushing purposes. 


676.—Does the question of quantity of available supply concern 
the sanitary officer in a projected public water-supply ? 


Not asa rule, it being out of his province, but although it is 
true that this question is one which concerns mainly the engineer, 
one of the first sanitary requirements is an abundance of water and, 
as in many instances the quantity actually obtained has fallen far 
short of that anticipated, it is not out of place to emphasize the im- 
portance of the preliminary examination. 


677.— Name some trades needing a large amount of water ? 


_ Paper-making and gelatine-making. The manufacture of gela- 
tine uses up as much water as 10,000 persons would. 


678.— Would the umount collected from roofs in England suffice for 
all purposes were it depended upon ? 


It would not; for it has been estimated that the quantity which 
can be collected from the roof surface of any town in England wil 
scarcely amount to 3 gallons per inhabitant daily, assuming that 
the average rainfall ix 3U inches, and that house-accommodation gives 
a roof area of 60 square feet for each individual. 


679.—What umounts ure supplied in different parts of London? 


Gallons per head 
of population daily. 


New River at eat London, 1879 


East London Water-Works Company,,, _. 34-2 
Kent a io aie 29°1 
Chelsea ‘t a ge 36°0 
West Middlesex _,, - ra 26°5 
Grand Junction __,, ag ae 32°9 
Sonthwark and Vauxhall te i ude 409 
Lambeth ‘i ee 31°5 


Average of these eight London Districts ... 32°7 


680.— Name some towns thut do not need these compurutively large 
quantities ? 

Oxford and Norwich. [These towns use theold form of privies 
and not water-closcts. } 

At Norwich about 14} gallons daily per head are supplied on 
the constant system, of which 10°5 are taken for domestic purposes, 
3 for trade, and ‘7 gallons for public and sanitary purposes. In 
Manchester the supply is also constant, and is 14 gallons per head 
for domestic, and 7 for trade purposes. In 1878 in 15 American 
cities the supply was on the average 55 gallons per head. 
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681.— What is the average amount per head supplied to towns ? 


In 1857 the average supply to fourteen English towns, of second- 
rate magnitude, was 24 gallons. The average of 72 English and 
Scotch towns, supplied on the constant system, is 1344 gallons per 
house (but this includes the supply to factories, of which there were 
16,087 to 889,028 houses), or (at 5 Pee to each house), 26°7 per 
head ; of 23 towns, supplied on the intermittent system, 127 per 
house, 25°4 per head, including 1,367 factories to 137,414 houses ; and 
of London, also on the intermittent system, 204, or 41 per head, 
including 5,340 factories to 499,582 houses. The range in indivi- 
dual cases is, however, very great, from 20 gallons per house (5 per 
head) in one small town to 700, at Middlesborough (140 per head). 
Mr. Bateman has stated that in the manufacturing towns of Lanca- 
shire and Yorkshire the amount was from 16 to 21 gallons, in some 
cases less.* 


682.—1What is Professor R.t NKINE'S estimate for towns ? 
The following table is g..en by Professor RaANKINE :— 


GALLONS PER Day PER HBAD, 
; LEAST, GREATEST. AVERAGE. 
Used for domestic purposes .. fen 10 


Washing streets, extinguishing fires, 


meood 
qt 


supplying fountains as jy, 3 3 
Allowance for trade and waste 7 7 7 
Total in non-manufacturing towns ... 17 20 20 
Additional demand in manufacturing 

towns ... ee be ee AO 10 10 
Total in manufacturing towns eee 3) 30 


On the whole, it may be said that not less than 30 gallons per 
head daily should be supplied to every town. 


683.— Give «a table of the number of gallons of water supplied daily 
per head in different places. 


London—New River Company _s.. su “20 
- East London ... is wee «22 
: Chelsea — ee wv. 308 
. West Middlesex ses ww. 30 
- Grand Junction oe we OF 
i” Southwark and Vauxhall as. 2E 
_ Lambeth ey “ae we (OF 
Southampton... oe sie we 35 
Glasgow ie sig ae we «6-80 
Edinburgh = as aes woe =D 


(Steere asanaenceronn corer tea ARE RAISED IY SP DEP ST ESSE SG ADP eareccikceet 
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Liverpool 30 
Sheffield 20 
Nottingham 17 
Derby 14 
Norwich 12 
Soldiers in Barracks 15 
Paris... 0% ee : . di 
684.—Give instances of large supply. 

New York as sie 83 gallons, 
Rome _... ua Sod -f2 AOO 4, 

Glasgow... sate we «OO _ 


685.— [3 the same quantity of water used in lowns throughout the 
year ? 


It is not; the daily quantity used varies to the extent of about 
20°/, on the average in towns. 


686 —Does all this reach the consumer ? 
It does not; as a rule from } to } gues to waste. , 

687 .—In what parts of the water system docs the waste occur ? 
In the pipes, at the hydrants, and in the house. 

688.—In which of these is the greatest waste 7 
In the pipes 


689.— Is there any relation between the system of the distributing 
area and the loss ? 


There is; the smaller the area the greater the waste. 


690.— How is the amount of supply usually stated ? 
In towns supplied by water companies, the usual mode of 


reckoning is to divide the total daily supply in gallons by the total 
population, and to express the amount per head per diem. 


691.—Ie the amount of domestic consumption of water uniform ? 


It is not ; calculations have shown that there is avery percep- 
tible daily variation in each week, and hourly variation in the 
consumption in each day. 


693.— What quantity of water is supplied to the population of Lon- 
don and from what sources is it derived? 


In 1884 the total population of the metropolis and suburbs was 
reckoned at 4,944,553, and the water wie daily by all the eight 
companies was 139,805,082 gallons, or 29,483,516 cubic feet. This 
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ives 28°3 gallons or 4 cubic feet per head. Of the total amount, 
10,000,000 gallons are from the Thames (restricted to that amount) ; 

the rest, that is, the New River, East London, and Kent, are from 

the River Lea and from wells, the quantity being unrestricted.* 


693 —How much water would you allow for different animals ? 
For horses and cows, about 6 to 10 gallons. 
For sheep and pigg, about 3 to 1 gallon. 


694.—JVhat amount is allowed for an artillery and for a cavalry 
horse ? 

Ten and cight gallons, respectively. [From experiments 
conducted in some cavalry stables in 1866, by the Royal 
Engineers, the War Office authorities have fixed the daily supply 
for cavalry horses at 8 gallons, and for artillery horses at 
10 gallons per horse. This is to include washing horses and 
carriages. ‘The amount seems rather small. Of course the amount 
that horses drink varies as much as in the case of men, and depends 
on food, weather, and exertion ; but if a horse is allowed free access 
to water at all times, and this should be the case, he will drink on 
anaverage (to 10 gallons,and at times more. Inthe month of 
October, with cool weather, a horse 16 hands high, doing 8 miles a 
day carriage work, and fed on corn and hay, was found to drink 73 

allons. Another carriage horse drank nearly the same amount. 
na stable of cavalry horses doing very little work, and at a cool 
time of the year, the amount per horse was found to be 6} gallons. 
Taking a horse as weighing 1,000 lb. avoir., this is just an ounce of 


water per Ib. weight ot horse. The amount used for washing was 
3 gallons daily. 


695.— What should be the amount of water-supply tn the Tropics ? 
It should practically be nnlimited. 


696.—What quantities of water should be procured for different 
purposes tu hot qountries such as India ? 


In India and hot countries generally, the amounts now laid 
down would have to be altered. Much more must be allowed for 
bathing and for washing generally, while a fresh demand would 
arise for water to cool mats, punkahs, or air-passages by evapora- 
tion. In Calcutta it was intended to supply to Europeans 30 gallons 
per head and to natives 15 gallons daily, but the amount has been 
really much less up to the present time. 


697 .— What amount is required for sick men ? 


_ In hospitals a much larger quantity must be provided, as there 
1880 much more washing and bathing. From 40 to 50 gallons per 
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head are often used. There are no good experiments as to the items 
of the consumption, but the following is probably near the truth :— 


Gallons daily. 
For drinking and cooking, washing, kitchen 


and utensils. ane f a, 2 to 4 
For personal washing and general baths ... 18 to 20 
For laundry washing _... en oto 6 
Washing hospital. utensils, &e. ... is 3 to 6 
Water-closets re 3 se 10 to 15 

38 to 31 


698.—Give the amount supplied per head to some of the larger 
hospitals of Great Britain ? 


At Netley theamount per head per diem is put approximately 
at 56 gallons (Major Nixon, R.E.), at Haslar the quantity is the 
same. At the Cambridge Hospital, Aldershot, the average is 160; 
Herbert Hospital, Woolwich, 89. In some of the Metropolitan hos- 

itals there is singular diversity in the quantities. The London 

ospital expends 62 gallons per head per diem, but they have a 
laundry onthe premises ; St. Thomas’s (no laundry), no less than 
99; St. Bartholomew’s (no laundry),40 gallons; whereas at Guy’s, 
where there isa laundry, but where special care is taken to check 
unnecessary waste, only 20 are used. In Glasgow the amounts are : 
Royal Infirmary, 147 gallons; Western Infirmary, 11%; Sick Chil- 
dren’s, 55; Belvidere (infectious diseases), 17, daily. At the Edin- 
burgh Royal Infirmary water is supplied free by Act of Parliament, 
and no note is taken of delivery or consumption. London hospitals 
use from 20 to 99 gallons, while Glasgow averages 147 gallons. 
(Probably there is considerable unchecked waste at many 
hospitals.) 


699.— How much should be allowed for vach patient per diem? 


For hospitals the daily amount per patient may be estimated 
at about 40 or 60 gallons, or twice that required for healthy per- 
sons. In prisons and workhouses the quantity will vary according 
to the bathing arrangements, and whether water-closets are used. 


700.— What is the cubic capacity of 1,000 oz. of water? 
One cubic foot. 

.— With regard to the water-supply how many people at the 
rate of 10 gallons per head per diem will a square mile of 
surface collecting one foot in depth, supply ’ 

47,580 people. 
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PuBLic WaTER-W ORKS. 





INTRODUCTION, REQUIREMENTS OF A PuBLIC WaTER-Suppty, Etc. 


702.— In contemplating the opening of a new system of public 
water-supply, what are the main pointe to attend to ? 


1. Whether or not the supply is permanently equal to the 
demand ; 

2. That the water at its source is pure, and that its purity can 
be maintained until it reaches the taps and hydrants; 

3. The accessibility of the water at its source, but particularly 
when distributed ; and 

+. The cost of the scheme, and the expenses associated with its 
maintenance. 


703.—In connection with a public supply of water for towns, what 
18 the firet point that demands attention ? 


That of estimating the quantity of water required for the town 
in gallons per diem which is obtained by fixing the amount to be 
allowed for each individual as given in the population census, 
inclouding the quantity required for fires, fountains, washing streets, 
etc., as extras. 


704@.— What is the more tmportant fuctor in estimating the ques- 
tion of quantity required for a town ? 


The rainfall of the three dricst consecutive years. 


708.—I0: the ubsence of definite information what points are to be 
considered ? 


The configuration of the country in regard to water-supply. 
[Springs at the foot of hills are permanent; in flat districts the 
supply is doubtful, unless derived from a great depth ; in limestone 
regions springs from subterranean reservoirs are permanent; in 
chalk districts springs are few unless below the level of the country 

enerally; simiiarly where sandstone obtains, but when there are 
eep wells, large reservoirs must have been tapped. Water from 
granitic aud trap-rock formations is variable unless from lochs. ] 


706.—IWhat is one of the main objects served by water-works ? 


With reference to the maintenance of the purity of water until 
it is finally distributed, one of the main objects of public water- 
works is to exclude water from the possibility of contamination by 
the various processes in constant operation, in open or exposed 
water-supplies. Inthe pipes (when of good construction and pro- 
perly jointed) the water 1s secured from pollution. 


11 
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707 .— What are the requirements of a good water-supply ? 


These may be enumerated as follows :— 


1. That every person in the community should get at least 
12 gallons of water a day. The nearer the quantity is to 30 gallons, 
the better. These 12 gallons should reach the taps and hydrants. 
The source of supply should be as distant as possible from human 
habitations, one situated among distant hills being very desirable. 
Any source of supply would probably be better than those in general 
use at present, riz.. shallow wells, streams and rivers. 


2. The water should be as free as possible from all organic and 
inorganic impuritics; it should be hygienically. pure at its source, 
and this purity should be maintained till the water reaches the 
ultimate Aistribating taps and hydrants. It is with the object of 
removing from the masses of the oe the power of contaminat- 
ing the drinking-water, that we should endeavour to get a supply 
from a locality where no such polluting influences are in existence. 
The wells of most towns and villages, originally containing pure 
water, have. in process of time, been rendered so unwholesome as 
to be almost dangerous to use, and this is chiefly owing to the foul 
habits of the people. 


It is presumable that the water provided by public water-works 
is fit for use as a beverage direct from taps and hydrants, and as a 
general rule the presumption is warranted by the result of analysis 
of such waters; sometimes however they require further purification 
by domestic filtration. On the other hand we have seen the filtrate 
from domestic filters more impure than the water from the hydrant 
itself. Hence the value of periodical analysis of hydrant and tap- 
water. The result of these analyses should be published. 


3. That the 12 gallons be available at any period of the 24 hours, 
i.¢e., the supply shonld be constant. This is a matter of great impor- 
tance on account of the liability of stored water to contamination. 
To keep the stored water of a house cistern pure requires more care 
and attention than the ordinary inhabitant is disposed to give. 
in India this cistern would probably be chiefly represented by large 
(and often foul) earthenware gurrahs, or brass, utensils. We know 
that water readily absorbs impurities coming into contact with it; 
but other and more dangerous sources of pollution are only too 
abundantly present as a rule. 


4, There should be no partial dependence for this supply upon 
wells. Wells, belonging to individual houses, whether in use or not, 
should all be closed, except in cases where the house is too remote 
from the public water-works supply. 


5. A less urgent necessity than those enumerated is, the con- 
struction of drinking-water fountains, in various parts of a town or 
municipality, to yield drink of pure water to the weary Iabourer, 
and worn-out beast of burden. ; 


4 
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6. The administrative control over this water-supply should be 
in the hands of the local municipal authorities. It may be con- 
sidered the duty of every local municipal body to endeavour to pro- ° 
vide an adequate supply of pure water for the community. The 
clauses with reference to this in the various Municipal Acts are 
unequivocal. The process of supplying water on a large seale, can 
be most satisfactorily, efficiently and speedily carried out by muni- 
cipal corporations under the auspices of local governments. Muni- 
cipal commissioners have extensive powers, and they can levy water- 
rates and collect them. ‘The large initial outlay is the usual barrier, 
but most municipalities of any size are now in a position to borrow 
money for the purpose of constructing water-works. It should be 
remembered that such money is merely lent, and lent for a very 
praiseworthy object, that of providing a community with a per- 
manent supply of wholesome water. 


The various conditions we have enumerated as necessary for a 
supply of wholesome water urgently require fulfilment in a large 
number of towns and municipalities in India. ‘The vast majority 
of towns are still unprovided with a proper water-supply, notwith- 
standing that in many of them all these conditions are attainable ; 
and in point of fact, the number in which they cannot be complied 
with is comparatively small. We may quote one instance, that of 
the Kurachi water-works, to show that apparently insuperable 
obstacles may be overcome in respect of water-supply. This instance 
is all the more remarkable if we remember that the average annual 
rainfall at that station 1s only about 7 inches. 


708.—Hiwmerale some of the advantages of a good public water- 
supply 2 


Water has thus far proved the most effectual and economical 
nyent, as sanitary scavenger, in the removal from our habitations of 
waste slops and sewage,and also the most effectual and economical 
agency in the protection of life and property from destruction by 
firt. Capital is always wary of investment where the elements 
of safety and health are lacking, and industry dreads frequent 
failures and obiectionable quality in its water-supply. 


Many of our Water-Supply Reports show annual incomes from 
water-rates in excess of the combined annual operating expenses 
and interest on the capital expended. In addition to this cash 
return, there are in all cases benefits accruing to the public, usually 
exceeding in real value those of the more generally recognized money 
income, amongst the incidental advantages. We may mention that 
the construction of water-works js almost sure to enhance the value of 
property slong its lines, under its protection, and availing of its 
conveniences. There is, also, a perpetual reduction in the yearly 
rates of insurance. The eubstitution of soft-water for hard+water, 
as almost all waters are, results in a material reduction in the daily 
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waste accompanying the preparation of foods, in laundry and 
cleansing operations, in the production of steam-power, and in many 
of the processes employed in the useful arts. 

There are many industries, the imtroduction of which are of 
value to a community, that cannot be prosecuted without the use of 
tolerably pure and soft-water. To save the annual aggregrate of 
labour required to convey water from wells into and to the upper 
floore of city tenements or residences, is a matter of no incon- 
siderable importance ; but paramount to all these is the value of the 
sanitary results growing out of the maintenance of health, and the 
inducement to cleanliness of person and habitation, by the conveni- 
ence of an abundance of water delivered constantly m the household, 
and the enhanced safety to human life, and to property from 
destroying flames, accompanying a hberal distribution of public fire 
hydrants under adequate pressure throughout the populous dis- 
tricts. 


709.—Shorw by a table of verified stutistics the effect of a pure 
water-supply. 


| Expenditure 


* ion. | On water- P . 
Name of Town. | Population supply. Before intro-| After intro- 


duction of duction of 








oie SS ee tenn rmeemeemen 


Death-rate per thousand. 








i a NR CPO OO, 


water. water. 
£ 
Chester 74,816 | 30 23°3 
Gildersome 2,000 27 16° 
Hall 215,000 31 16° 
Manchester 2,850,000 83 24°7 








710.— If called upon to repurt on a scheme for a proposed water- 
supply to a town of 90,000 people and being provided with 
the ordnance sheets of that part of the country, explain how 
you would do so without walking over the whole district. 


Ascertain the limit of the rain basin of the stream down to 
the points at which it was to be impounded, by levels marked in 
figures on the map. 

If the catchment area under consideration happen to form 
part of some large region, whose rainfall has been thorou 
investigated, and in which numerous flood discharges have been 
arrived at through velocity observations and computation, some 

neral coefficient of drainage may have been determined for 
Hat region. In that case the rary dtu for flood discharge from 
any portion of it can be computed by formule. oe 
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L.—If called wpon to devise a scheme for water-supply to a popu- 
lation of 30,000 persons, what are the points to which you 
would specially direct your attention ? 


Ascertain as nearly as possible the present expenditure and 
prospective needs. If the town is entirely sewered, the flow 
of sewage will give un idea of the expenditure of water, the amount 
of ground-water in sewers being ascertained by observations taken 
at night, when the drains are not in use. To this must be added 
watcr used for street watering and for fires, which will perhaps not 
enter the sewers, but flow off by natural channels ae any waste 
from factories passed into streams; allowance must be made for 
increased expenditure that will take place when dwellings hitherto 
supplied by wells are given a constant service, and a further allow- 
ance for prospective increase of population based upon calculation 
made from increase between the first and last preceding census or 
other mode most applicable. The rateable value of houses, the 
number of water-closets and baths in use, the quantity used for 
manufacturing purposes, will all be taken into account, in estimat- 
ing the quantity required. 

Possible sources of supply will next fall under consideration. 
What gathering-grounds are available, their nature and extent, 
what they will furnish, which may be estimated by gauging streams ; 
facilities afforded by the nature of the ground for forming storage- 
reservoirs in convenient situations, amount to be deducted from 
available total to satisfy existing water-rights, etc. 


712.--Keplain with reference tv population the snbjects of guther- 
ing-ground, rainfall, and storage ? 


The number of people to be supplied, and the number of 
gallons per head required being known, area of Mii SL Lian 
required will depend upon the following factors. The mean annual 
rainfall, that is, the mean fall in the driest three consecutive years 
on record, should be ascertained; this will generally be about five- 
sixth of the average rainfall. A portion of the rainfall will be lost 
by evaporation and absorption. This will be much the same year by 

ear, whatever the total fall, and may be equal to a fall of 10 to 

4 inches, the total fall (in England) ranging from 16 to 70 inches. 
(There are one or two exceptional places whtve the fall is consi- 
derably greater.) <A further deduction from available rainfall 
capable of being stored, will have to be made on account of storage 
to compensate mill-owners and others having water-rights, perhaps 
to the extent of one-third or one-fourth of the available total. 
Capacity of storage-reservoirs will depend upon area of catchment. 
With a catchment area large in proportion to population and with 
& fairly distributed rainfall, the necessary storage space will be less 
than in a district where there are long droughts to be provided for, 
and when the catchment area small, it is essential that loss by escape 
of water during heavy floods should be minimised by providing large 
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reservoirs. Average loss by overflow of storm-water may be taken at 
about 10 per cent. of total fall and the average proportion of rainfall 
available for storage at about six-tenths of the whole. Reservoirs 
in rainy districts should contain 120 days’ supply, in dried districts 
200 days’ supply. Hawkesley’s formula for storage is D — “ , 
D being the number of days’ supply to be stored. F the mean 
annual rainfall (five-sixths of average). Storage capacity may vary 
from 25,000 to 50,000 cubic feet per acre of catchment area. 


713.— What is the construction of an ordinary public water- 
works ? 

An ordinary public water-works consists of the following :— 
A large settling reservoir in which the gross suspended impurities 
subside. From this it is passed into the filter beds. ‘I'hese are brick 
tanks, which, in India, are usually covered. The bottoms of these 
filters are covered with 4 or 5 feet of sand and coarse pravel, 
arranged from below upwards as follows :—A layer of brick or broken 
stone about 6 inches or 9 inches deep, then 6 inches of gravel, and 
lastly a layer of sand 2} feet. On the surface of the sand, the water 
is 3 feet deep. 

From the filter beds, the filtered water flows to the service 
reservoira (which are covered chambers to protect the water from 
san and contamination), whence it is distributed, either by gravita- 
tion or by pumping, to the different parts of the town or munici- 
pality. The rate of filtration should not be greater than 70v gallons 
per square yard in the 24 hours, although this amount 1s often 
exceeded. In all modern public water-works, the plan of ultimate 
distribution is much the same—the laying of cast-iron pipes, or 
masonry channels (covered or uncovered) to convey the wat-r either 
direct to the filter bed or to a settling tank, from which latter it 
passes to the filter bed. From these beds it proceeds by mains, 
sub-muins, and service pipes to streets and houses. Attached to 
the pipes are hydrants, waste-water meters, stop-cocks and other 
accessory apparatus. Once the mains are laid, then those who 
wish, and can afford it, have service pipes connecting the supply 
with their honse, and, if necessary, with every room and storey of 
the house. 

714.—Are impounding reservoirs or outfall lakes good sources of 
sanity? 

As a rule they are, especially if the water is collected from 
district mountainous regions. 


715.—If called upon to provide a water-supply to a town having a 
population of 2(),000 persons, to what points would you 
direct your attention to enable you to determine the 
quantity necessary? And what would be the nature of tha 

: investigation which you would make in order to determine 
the source from which you could best obtain the supply 7 
T'o determine the quantity necessary inquiries would be directed. 
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toascertain what would probably be wanted for present and prospec- 
tive needs under the following heads :— 

(1) For domestic use. 

(2) For trade and manufacturing purposes. 

(3) For municipal Peel lp 

The quantity wanted under the first bead will vary with the 
nature of the population. Occupiers of large houses will use more 
water per head for baths, washing and cleansing; the number of 
baths and water-closets used and likely to be brought into use with 
a better supply would have to be estimated. 

The occupations of the working classes will affect the demand, 
more water for washing clothes and person will be used where 
people work at dirty trades. 

For trade purposes inquiries as to requirements must be made 
of manufacturers. Large quantities may be required for gelatine 
factories, bleach works, tanneries, and breweries. In some cases 
of towns of the size named, sitnate near a much larger town, the local 
laundries may doa large proportion of the washing of such large 
town, and water will be wanted for this purpose. 

For municipal purposes estimate the quantity required for 
public baths, street-watering and sewer-flushing. 

‘The possible sources of supply are— 

(1) Water from upland moors stored in a reservoir or 
reservoirs. 

(2) Water from a deep well obtained by pumping. 

(3) Water trom a stream, either drawn off by gravitation or 
pumped. 

In a scheme for providing water from high uncultivated lands, 
the following points have to be considered :— 

Acreage of catchment basin ; mean rainfull of three driest years 
on record ; loss by percolation and evaporation and by heavy floods ; 
provision to be made for existing water-rights, as mills, &c. 


In framing a pumping scheme the geological formation of the 
district must be inquired into. Are there water-bearing strata 
below their depth, if so, their nature, and probable yield? What 
mineral does the water hold in solution, is it too hard for use, and is 
the hardness “permanent” or is it “ temporary ” and capable of 
removal P 

Before fixing on #« scheme of supply from a river, it must be 
ascertained whether it receives the sewage of towns or villages up- 
stream, whether the water is habitually or frequently dirty from 
matters held in suspension, best points for taking the supply, etc. 

Cost of supply from two or more possible sources should be 
carefully Ptisetaa both in respect of principal outlay and the 
interest thereon and working expenses. 

The latter will be probably the heaviest in a pumping scheme, 
but the interest or cost of permanent works for a gravitation 
‘acheme might outweigh it. 


168 WATER. [ParT 1, 


In some favoured places water may be obtained from a moun- 
tain lake or other natural reservoir. 

In seaside towns water for road-watering, sewer-flushing, and 
baths may be advantageously obtained from the sea. 


716.—Suppose that such data are not available, how else may the- 
engineer place himself in possession of enough informa- 
tion for to proceed with his project ” 

In many instances it is, from want of sufficient information, 
utterly impossible to obtain this perfect knowledge; in others, the 
deficient data may be supplied by approximative deduction from 
the data of other places, so that a tolerably correct approximate 
balance may be struck between the downfall and the amount 
evaporated, absorbed, and run off ; in any case, however, the engineer 
may, With time and means at his disposal, gauge the streams and 
river affecting his works, and make correct records of the amount 
of water run off in them at different seasons of the year, and in 
exceptional floods. Failing, however, both time and opportunity, 
such data have to be observed in a rapid manner, that will aable 
him to determine this approximately ; such as the section and fall 
of the rivers, the depths at various stages, flood-marks, and a few 
velocity observations 


717.— What are the usual methods in delivering water ’ 


By gravitation from anelevated impounding basin ; elevation by 
steam or water-power to a reservoir, and from them by gravitation ; 
elevation tolow and high service reservoirs, and from thence flow by 
gravitation to respective districts; and by forcing with pressure 
direct into the distribution pipes. 


718.—Js there any other consideration in the distribution of water 
of importance ? 


There is; the accessibility of a water to the people should nat be 
forgotten. A public water-supply, situated suy 400 yards from a 
locality, leaves its inhabitants almost in statu quo as to water-supply. 


719.—WWVhat are the special sources of water-supplies in Indian 
towns and villuges ? 


As special sources of water in Indian towns and villages we 
have :— 


(1) Wells, superficial and deep, either public or private. 

(2) Lakes, large and small, natural and artificial. 

(3) Rivers and streams. 

(4) Ponds, ditches, effluent from irrigated land, and marsh water. 
(5) Public water-works. 


In general terms it may be stated that all of these waters except 

§) are more or less impure, and that without previous boiling and 

tration of their waters, are unfit to use for drinking purposes. All 
are subject to various forms of pollution. 
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720.— What is the maximum demand of water in towns in rela- 
tion to the average demand ? 


_ As 23: 1, or two and a half times the average hourly demand 
in a day of 24 hours. 


721.— What follows from the fact that the greatest hourly demand 
for wuter is more than double the average hourly demand ? 


That the main conduits supplying a town must have double the 
discharging power that would bs required, supposing the demand 
were uniform. The first requisite of a supply of water is that it 
should be abundant, and sufficient in amount for any extra strain 
on its capacities. [Water ought to be laid on to every house, and to 
at least two floors of the house. Anything preventing free access 
to water, militates against cleanliness. | 


722.—Whut are the different sources af water usually available for 
town supply? State the advantages and disadvantages of 
each with reference to health, and what amount per head ta 
generally considered necessary ? 


Rivers, streams, natural springs, artificially-formed wells, and 
impounding reservoirs or a combination of any of the former. In 
river-supply the advantages consist in its constancy, ease with 
which it can be collected for filtration and its general softness ; at 
the same time this is greatly counterbalanced by its liability to 
contamination and often costly pumping. Natural springs are 
generally pure, and often so placed as toadmit of a gravitation sup- 
ply (a great feature in a water-supply), though sometimes the water 
18 hard; their disadvantages is their liability to give out in seasons 
of drought. Artificially-formed wells, if carried down toa good 
water-yielding strata, are undoubtedly the most pure source of 
water-supply. Of course the greatest care must be taken both in 
the construction of the well itself and in the selection of the site, as 
a well may often be formed to yield a good supply for some time. 


723.— What should be considered an abundant supply of water 2 


This is a question which does not admit of answer from simple 
theoretical considerations. We may determine with tolerable 
accuracy the umount necessary, or the average, for each family 
for household purposes, on the amount required in certain mann- 
facturing establishments for a given amount of finished product; 
but for many purposes it is very difficult to estimate, and the item. 
of waste enters largely into the account. 


724.—With regard to the choaen sources of supply should it be 
capable if necessary of providing a much larger quantity 
of water than the ordinary supply ? 


The chosen source must be able, on occasion, to furnish an 
very greatly in excess of the average consumption. 
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.— What is the best force to uae in water-supplies 7 


Gravitation. When «a good and abundant supply of water can 
be gathered at a sufficient elevation, and within an accessible dis- 
tance, the essential element of continuous full-pressure delivery can 
then most certainly be secured, and in the matter of possible safety 
the gravitation method will usually be superior to all others. 

The value and importance of sufficient elevation of the supply- 
ing reservoir, when the delivery is by gravity, to meet the most 
pressing needs of the fire-service is usually one of the chief objects 
to be attained in a complete water-supply. 


726.—In « perfect supply what force is used ? 


Gravitation only. ‘The supply should be at such a height that 
the force of gravitation alone 1s enough to throw sufficient water 
20 feet above the highest house. 

This only by having a sufficient number of hydrants would do 
any good with a fire. The sourceof supply in gravitation works 
is the rainfall upon the gathering-ground or catchment basin, a 
tract of land more or less completely bounded by mdge lines, 
or more properly watershed lines, This latter distinction 1s neces- 
sary, because the hydrographical basin is not necessarily commen- 
surate with that traced from surface contours. Valleys of denuda- 
tion on an anticlinal axis, for instance, where permeable strata are 
superimposed, would show from surface contours a gathering-ground 
larger than the drainage area really available for the impounding of 
water, and vice versd. In impervious or rocky districts the case is 
simplified to one of surface observations, 


727.— What has been said aquinat auch a mode of supply / 


The great pressure causing the bursting of the reservoir has 
occurred in Sheffield, and more lately in Hughestown, Chicago, 
{With good engineering the risk from this is very small] 


728.—What wre the terms used in connection with the preliminary 
aurvey for a water-supply reservoir 7 


Contour lines are often formed by the subsidence of water ina 
lake, as in the case of the parallel roads of Glen Roy. By the use 
of these lines, we may show the rrater-shed of a district on a map. 
The term water-shed ig used to denote the slope alung which the 
water flows to form a river or lake; and water-parting, the summit 
of the slope. The summit of the Cotterswold Hille thus forms the 
water-parting between the water-sheds of the Thames and Severn. 
The “ crest of the water-shed,” or “ the summit of drainage,” may i 
be used for “ the waier-purting.”* 


».— What are contour lines ? 


Contour lines are lines of equal altitude, and are what would 
represent the waters’ edge, supposing water to stand at the various 
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levels marked out by the figures. [The contour lines marked out 
in the 6th ordnance map are drawn at every 25 feet (vertical) of 
elevation apart, and these lines may be taken as the basin. But for 
purposes of water-supply, or drainage, contour lines require to be 
drawn closer than this; they are usually drawn for loca] purposes 
every 8 or 10 feet of elevation apart. In the ordnance maps are seen 
a number of dots usually following the lines of the main roads, with 
figures pe them : these lines express in feet and decimals of a foot 
the heights of the ground at various places mentioned: thus, B. M. 
855'2 means that the particular spot is 355°2 feet above the ordnance 
datum, und the ordnance datum level for Great Britain 18 the 
level of the mean tide at Liverpool as ascertained by a series of 
observations tuken by the Ordnance Survey in 1844: it is 8 feet below 
the genera] mean level of the ocean around the coast of Great Britain. 
If the place indicated by any of these figures be visited, there will 
be found a broad arrow marked on some prominent object, such as 
a milestone, or a church, or rock, etc. } 


730.—Jn surreying a catchment area for the purpose of supplytig 
w town arith mater through publie water-rorksa what are 
necessary © 


A plan is necessary showing by means of contour lines, the undu- 
Jations and general slopes of the ground. 


731.— What are ridge lines ? 


They are water-shed lines, or lines which along the whole of their 
course, are Ingber than the ground jmmediately on cach side, 
hence the ground slopes downwards from them at both sides. 


733.— What wa catchment areca 7 


A catchment area, drainage or gathering-ground or catchment 
basin, isa district enclosed by a ridge line which line is continuous 
except where the water finds an outlet. The ridge line usually gives 
off branch ridge lines thus pees secondary or subsidiary catch- 
ment areas, ench drained by its own stream into the main stream. 
[The details connected with such an area are obtained from a series 
of levels, and the drawing of contour lines as above described. } 

Tflines be drawn through the sources of the tributaries of rivers 
marked on a map, they will be found to form the boundaries of 
certain areas which are called the catchment basins of various 
rivers ; that is, the areas which receive the rainfall supplying their 
waters. In compact formations, where most of the rain runs off the 
surface, the ridge lines bounding these basins usually pass along the 
most elevated regions, but in porous formations their course will 
depend on the configuration of the relative sub-stratum. 


733.-— WW hadl else ia to be known in regard to geographical and geolo- 
gical knowledge of catchment areas ? 


A geographical and geological knowledge of the catchment 
-area, whose rainfall affects the works, is also needful, the bounda- 
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ries of this area, its lines of water-shed and drainage, its dispo- 
sition as regards prevailing winds, the nature and porosity of its 
soil, and the amount of vegetation or cultivation on it, as well as 
any available records from which the quantities of water actually 
run off by its streams and river in various seasons may be arrived 
at, are all data necessary for establishing satisfactorily a perfect 
knowledge of the disposal of the whole of the rainfall au er any 
circumstances. 


p— By what formula may ie get an approzimation of the quan- 
tity of water from a catchment area ? 


By the formula 
Q= 62°15 A (4 R—E). 
Where Q= the supply in gallons daily. 
A= the catchment area in acres. 
R= the annual rainfall in inches. 
EK= the loss from evaporation in inches. 


735.— What ia meant by Lerelling ? 


It is that branch of Surveying which determines the inequalities 
of the earth’s surface, and ascertains the relative heights of places 
above a certain line called the datum line, from the centre of the 
earth. (See answer No. 731 ) 


736.—What may be sssumed us to downpour if the catchment area 
is not large ” 


If the catchment area is not very large, that ix, not exceeding 
400 square miles, or 100 square leagues, it may sometimes be as- 
sumed that tle whole of it is simultaneously subject to the same 
amount of maximum downpour, and that the loss by absorption and 
evaporation is also tolerably uniform over the whole. If then some 
trustworthy data for this loss should be available, the flood dis- 
charge can be computed. 


737.—The catchment area of a water-eupply district being 10 acres 
and the annual rainfall 30 inches, but after deductton of 
14 inches for loss by evaporation, absorption, etc., we have 
adepth of water equal to 16 inches, arailable for do- 
mestic purposes, how much water does the whole area 
yield in one year, and how many persous would thie pro- 
vide for, allowing 25 gallons per day for each ? 


One square acre is equal to 4,840 square ie and there- 
fore 10 acres equal to 48,400 square yards. This multiplied by 
9 and then by 144 gives the superficial capacity of the reservoir as 
62,726,400 square inches. To reduce this to cubic contents 
multiply by the depth, 16 inches, which gives 1,003,622,416 cubic 
inches. To bring cubic inches to gallons, multiply by 40 and divide 
by 11,091, or multiply at once by ‘008607. Therefore, 1,003,622,416 
aa eenaas om awer’’~ gallons is the quantity of water yielded 
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in one year. The other method gives 3,620,065. [These are the 
formules given in Parkes’ “ Practical Hygiene,” Sth edition, note to 
pore 8; but a handier method would be to multiply the square feet 
y 14 (equal to 16 inches) and the product by 6}, being the number of 
cubic feet in a gallon. This gives 1,630,000 gallons. Another 
method, which gives a still closer approximate, 1s to multiply the 
cubic feet by ‘52, which gives 3,624,192 gallons. | 
‘To ascertain how many persons this would provide for, allow- 
ing 25 gallons per day for each. 3,619,592 + 365 + 25 = 497 
persons. 


738.—. What are the most advantageous gathering-grounds ? 


Mountain districts of clay-slate and granite form the most ad- 
vantageous gathering-grounds, but in these cases the water gener- 
ally has to pass through portions of peaty or boggy ground before 
it reaches the reservoir, and although the water may not be un- 
wholesome in its natural state, it undoubtedly does become so when 
stored or allowed to stagnate in tanks or reservoirs ; and such water 
has a disagreeable colour, and one that is difficult to remove. 


739.— Explain with reference to population, the subjects of (1) 
gathering-ground vatinfall, and storaye ; and (2), describe 
the relation exisi:ng in a sewer between gradient, volume, 
velocity, and size. 


(1) Water-supply.— Number of population x gallons per head 
per day X number of days’ supply to be stored x 6°24 ==capacity of 
reservoir in cubic fect, allowance being made for percolation and 
evaporation. 

Rainfall over a given area during the driest years, less loss by 
percolation and evaporation in transit to reservoir, and deducting 
an allowance for existing water-rights and another for unavoidable 
loss by overflow during storms, gives nett quantity to be counted on 
as available for storage from given unit of area of gathering-ground. 
Every one of these factors varies widely with circumstances. 

(2) Sewerage.— 

Let V=velocity in feet per minute. 
He=hydraulic mean depth. 
Volume or arca of cross-section of stream in ft. 
“ Length of bed of stream. 
F=gradient or fall of stream in fall in feet per mile. 
Then 
Vien5o 4/ HF or V =55"HF (squaring both sides of 
equation) ; 
Transposing factors— 
a 


Ha ee and F=- 


we ew oe ot 


Ve 


Assume, or take from actual practice numerical values in place 
of any two of the three symbols V F H, and obtain the third by 
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arithmetical calculation. [Work this out with variation in a few 
cases, backwards and forwards, to obtain a thorough grasp of the 
subject, and to understand that what is true generally. as stated by 
symbols, applies specially in any given case.*] 


740.— Upon what does the amount of rain that can be utilised for 
supaly depend ? . 
As all water-supply comes either directly or indirectly from the 
rain, the amount of rain which can be utilised forthe supply of a 
town, depends upon the rainfall and the catchment area. 


741.—Mention an excellent water-supply from a natural luke. 


That of Glasgow from o4 miles to the north of the city. It 
contains only 2) grains of matter per gallon, of which about 
one-half is organic (peat), the rest being mineral. It has a faint 
yellow colour. 


742.—What advantage has this been to the city of Gluagow ? 


Established in 1859, it replaced the foul water-supply from the 
‘river Clyde. It increased the health of the people, nnd cansed a great 
saving of money in manufactures and industries from the fact of 
there being but one grain of mincral matter per gallon instead of 
several. The saving in soap alone has been £36. WO per annum. 


743.-— Discuss the question of permanency of supply. 


It is obvious that the permanence of the supply of # spring or 
small stream may often be of the greatest moment inthe case of an 
encampment, or im the establishment of a permanent station. 

In the first place, evidence should, when available, be obtained. 
If no evidence can be got, and if the amount and period of rain be 
not known, it is almost impossible to arrive at any safe conclusion. 
The country which forms the gathering-ground for the springs or 
river should be considered. If there be an extensive background 
of hills, the springs towards the foot of the hills will probably be 
permanent. Ina flat country the permanency is doubtful, unless 
there be some evidence from the temperature of the spring that the 
water comes from some depth. In limestone regions springs are 
often fed from subterrancan reservoirs, caused by the gradual solnu- 
tion of the rocks by the water charged with carbonic acid ; and such 
springs are very permanent. Inthe chalk districts there are few 
springs or streams, on account of the porosity of the soil, unless at 
the point the level be considcrably below that of the country gener- 
ally. The same may be said of the sandstone formations, both old 
and new ; but deep wells in the sandstone often yield Jargely, as the 
permeable rocks form a vast reservoir. In the granitic and trap 
districts small streams are liable to great variations, unless fed from 
lakes ; springs are more permanent when they exist, being perhaps 
fed from large collections or lochs.t 


* Sanitary Record, 1868. 
¢ Paxxes’ Practical Hygiene, 7th Ed. 
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744.— What precaution ia necessary in regard to the introduction 
of a public water-supply from regions possessing metallic 

mines, and from certain mountainons districts 7 
The water of certain metallic and mountainous districts, espe- 
cially where metals abound, should be carefully searched for metals 
if itis intended to use the water for a aa water-works, for filtra- 
tion does not completely remove metals, as it may do, if thoroughly 

efficient in the case of organic matter and salts. 


745 .—State brivfly the qualities desirable in a sugply of water for 
a community. 


The conclusions thus far reached are that a suitable source of 
supply should furnish water which is abundant in quantity; the 
water should be colorless and clear, t.e.. free from all turbidity ; it 
should be soft and contain not too large an amount of mineral matter 
in solution; it should contain no excremental or other animal matter; 
and it should be so situated as to make it possible to protect it from 
defilement in the future. Moreover, while the imagination as well 
as the reason is to be consulted in the choice of a supply, an extra- 
vagant outlay is not justified when called for by extravagant 
demands for excellence. 


746.-——What is meant by dovble supply ? 


In view of the difficulty which sometimes exists, of obtaining 
from a single source a sufficiently abundant supply of good water to 
meet all the wants of a large community. it has often been proposed 
to adopt a system of double supply, i.e. to furnish water of two 

ualities. It igs true that for many purposes, as for extinguishing 

res and for sprinkling streets, for closets, drains and sewers a water 
would anawer which would not be suitable for drinking, and such a 
supply might in many cases be easily procured, while to procure an 
abundance of water well-suited for drinking would involve a large 
outlay. To the double s;stem there is no objection, if the poorer 
water can be drawn only from street-hydrants, which are under 
municipal control ; but it is not practicable to supply two sorts of 
water to private dwellings, with any security that the distinction 
between them will be regarded; no domestic, and indeed no average 
inhabitant, will fail to use for all purposes that water which is most 
handily obtained, unless, indeed, it be actually repulsive to the taste. 
In the case of large cities, it is seldom that a single source of suffi- 
cient size can be found, and it becomes a question to be settled by 
local considerations whether. cach portion of the supply shall be 
distributed to a different section of the city, or whether the water 
from all sources shall be united in a common reservoir or reservoirs, 
and distributed therefrom. 

So long as the impure supply is under control, and is limited to 
public and trade purposes, no objections can be raised, except on the 
score of the cost of distributing a double supply. But for house- 
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hold use.a double supply must be deprecated. In a house the suppl 
which is most copious and easily accessible will generally be Gian 
by preference, except the impure supply be foul to the senses. 
Common household experience shows that servants, even of the 
better class, will, when two taps are side by side, draw water from 
that which delivers water most freely (generally that from a cistern, 
where one tap delivers from the main andthe other from a cistern). 
In this respect the majority of people cannot be trusted to make a 
choice. A double supply for household use ought not to be adopt- 
ed, except for very cogent reasons. 


‘ suggestion has arisen out of thia circumstance ? 


A double supply was proposed from London in 1878 by the 
Metropolitan Board of Works—the permanent river-supply for gen- 
-eral purposes, and a deep chalk water-supply for drinking purposes. 


748.— Why did such a scheme fall through? 


Increase of the expenses of a double source of supply, and 
the danger that the impure water would through carelessness or 
ignorance, be often used for drinking purposes when it happened to 
be nearest at hand. 


749.— Is it easier or more dificult to munayge a proper irater-suoply 
ina rural district than ina town ¢ 


Rural sanitary districts contain many aggregations of popu- 
lation of 2,000, 3,000, and 5,000 ; aud it is these places which are the 
most difficult to deal with in respect of the water-supply. Take, 
for instance, one parish of, say 4,000 population, in a dozen parishes 
constituting the rural sanitary district of, say 20,000 or 30,000 
population, living on about a8 many acres of ground; three-fourths 
of the population of the parish may be congregated on 100 acres, the 
other thousand being distributed in something like the following 
manner ;—100 at A, 200 at B, 300 at C, and 400 at D. Now, leavin 
out of the question how three-fourths of the sa age of the puris 
may be supplied, those designated A, B, C, and D, will probably all 
procure water for domestic purposes from sources liable to con- 
tamination from passing persons and animals, whether accidental 
or wilful. But supposing a satisfactory water-supply to be arranged 
for the main portion (say the 3,000) of the population, 1t would zro- 
bably not pay, at the current water-rate, to supply the small outlyin 
places—the other fourth; although, living within the same sani- 
tary district, they may very propery suy they have the right to be 
supplied equally with those who live more centrally in the same 
district, providing they are willing to pay the current water-rate on 
the value of the house. Butif the sanitary authority must include 
these outside people, the water-rate upon those more central 
situated must be increased, so that an average rate may be struc 
for the whole district. It is therefore advisable to protect and 
render as useful as possibleall the small sources of water in the 
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outlying parts so that the inhabitants may procure,in a tolerably 
pure state, whatever quantity these small sources yield. 


750.—In projecting artesian wells for town-supply is it important 
to know the geological character of the locality where the 
boring ts ta be made ? 


It is moxt important to ascertain this and, as far as _possi- 
ble, the source of the water. Indeed, without a knowledge of the 
probable character of the particular locality, sinking an artesian 
well is like iyvesting in a lottery, and hardly justifidble as a 
municipal undertaking. [tis true that many wells are sunk without 
the advice of competent authority, and some of them are successful; 
as un rule, however, they endin failure. The instance of the St. Louis 
well where 810,000 dollars were sunk in the well, is instructive in 
this connection. 


781.-—-Suppose we hare oa well we which the water rises just to the 
surface of the ground, but does not overflow, and that if 100 
yatlons per minute be pumped regularly, how much is the 
wrter-lerel lowered ? 


4A distance ot five feet. 


782 —-What are the sources of public water-supply ? In addition to 
deep rrella, from hat sources may water-v orks on an exten- 
atre acale obtain their supply ? 


From lakes, streams, rivers, or gathering-grounds. [If froma 
lake of sufficient clevation above the level of the town to be supplied, 
the water may be distributed throughout the town in conduits and 
pipes by the force of gravity When the source of supply is a 
stream or small river storage works are necessary ; but when the 
river is large, a constant supply can be obtained at all times, inde- 
pendently of storage. In this case the works required usually com- 
prise—a weir or dum for mamtaining part of the river at a nearly 
constant level: two or more settling ponds, into which the water is 
conducted : filtering apparatus, and pumping engines. } 


783.—Whatare sources of London water-supply ? 


Thames, New River, river Lea, river Ravensbourn, deep wells, 
and shallow wells. 


784.—[Vhat is the most fucorabdle situation for a gathering-well or 
yallery ? 

In the neighbourhood of a river (or lake), for two reasons: first, 
hecause at such a place there is almost certain to be a decid- 
ed movement of the ground-water toward the stream, and, 
in the second place, the water from the river can make up any defi- 
ciency caused by removal of the ground-water, by filtering through 
the bank and bed of the river. For these reasons, the locality most 
commonly chosen is on the bank of a running stream in a deposit of 
gravel. e simplest form of collecting works is the open basin; 


12 
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Dut in an open basin the water is:exposed to the direct rays of the 
sun, and, in summer, becomes heated above its natural temperature. 


755.— Name another method of utilizing the ground-water? 


That of constructing a covered gallery which shall permit the 
percolation of water into it and from which the water can flow to 
the pump-well ; for, as is indeed ordinarily the case, when supply is 
taken from rivers, pumping-works are almost always a necessary 
part of such a scheme. Sometimes the collecting galleries or pipes 
are, as in the instance just mentioned, placed actuAlly beneath the 
bed of a river or pond. 


“The water is obtained from a gravel or sand bed which lies 
within the bed of the river when the water is high, although not 
covered with water for the greater part of the year. In this gravel- 
bed a trench of 250 feet long was dug of such depth as to bring the 
bottom of it as low as, or lower than, the bottom of the river at its 
deepest part, and of 6 feet or more in width. The trench was then 
filled tothe depth of a foot with stones of various sizes, from small 
cobble to coarsest gravel stones, making the surface as even as pos- 
sible, though with a slight grade down-stream. 


“On this foundation a line of timbers 6 by 6 inches is Jaid on 
each side of the trench, 4 feet apart. Across these are placed and 
firmly nailed on, 3 feet apart, square frames 4 feet wide by 3 feet 
high, made of timber 6 by 6 inches, cach frame strengthened in the 
centre by a standard 2) by 6 inches from the top to the bottom. 
The top and two sides of this row of frames are covered with hem- 
lock plank 2% inches thick, and thus a filtering-gallery 250 feet 
long, J feet high, and 4 feet wide, is made.” 


On the outside of this gallery, at the bottom, a filling of 8 inches 
of excelsior is lightly tamped down, and then the trench is filled u 
with the gravel, and the filter is complete. From this filter 
gallons per minute of the clearest water are obtained. The filtra- 
tion is upward and through the stone bottom! the gallery is kept 
fall in low water by taking water through canals over the filter from 
a point im the river above. 


{ Another method of collecting the ground-work consists in em- 
ploying, instead of such a gallery as has bead described, # line of iron 
pipes, 1.e., practically water-mains, cast with a great number of 
narrow longitudinal slits, and laid with loose joints. These pipes 
collect the water, and conduct it to receiving-wells, from which the 
supply is pumped. In filling the trench in which the pipes are laid, 
the pipes are surrounded on al] sides with coarse material of too 
large a size to fall into or through the slits, and the trench is then 
filled with screened material of decreasing size. The figure (Fig, 
12) will give some idea of this method. A less elaborate mode of 
applying the same principle consists in substituting for the iron 
pipes ordinary cement or other unglazed drain-pipes, laid loosely, 
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At Arlington, Mass., such an arrangement is in operation, the pipes 
being laid in the gravelly bed of an artificial reservoir, made by 
damming a small brook. | 


756.— Why is this source called ground-water and not a method of 
natural filtration ? 


In the first place, the general facts with reference to the 
ground-water which have been stated, as well as others (already 
mentioned) lead to this conclusion ; in the second place, the tempera- 
ture of the water in the well or gallery differs from that in the river, 
being higher in winter and lower in summer, and varying within 
narrow limits, unless the water is received in an open basin and 
exposed in a comparatively shallow surface to the atmosphere ; in 
the third place, the water in the well generally differs in a marked 
degree in the character or amount of the dissolved substances. 


787 .— What is the first consideration of a good water-supply ” 


Efficiency. This necessary condition 1s common to all classes of 
machines and is of primary importance in all. Until very recently, 
pumps have been from this point of view, the most unsatisfactory 
of mechanical appliances. It has been stated on good authority that 
previous to the International Exhibition of 1857, no pump ever 
attained an efficiency of 40 per cent., and that many returned no 
more than 10 per cent. of the force expended in water raised. Since 
that time, however, the attention of Engineers has been directed to 
the subject, and such improvement of design and construction have 
been effected that this enormous loss of power has been reduced, in 
average cases, by at least one-half. So far this is a very satisfac- 
tory result. But there yet remains much to be done before that 
degree of perfection is reached to which other kinds of machinery 
have been carried. The large proportion of the motive power 
absorbed by the organs of transmission and the loss of water through 
the valves still leave much to be desired. 


In determining whatis due efficiency regard must be had to the 
character of the work and also to the conditions under which it is 
performed. <A yvump for draining a mine for instance may return in 
water raised 1( per cent. less than anothey pump applied to the 
draining of a surface, and yet the former may be a more satisfactory 
machine than the latter. Thus. due efficiency must be considered 
relatively, not absolutely. 


758.—In ies a pining scheme of water-supply what points 
vo to be constdered ” 


In framing a pumping scheme the geological formation of the 
‘district muet be inquiredinto. Are their water-bearing strata below, 
if so, their depth, nature, and probable yield? What minerals does 
the water hold in solution, is it too hard for use, and is the hardness 
“ permanent,” or is it “ temporary ” and capable of removal? 


~~ 
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Before fixing on a scheme of supply from a river, it must be 
ascertained whether it receives the sewage of towns or villages up- 
stream ; whether the water is habitually or frequently dirty from 
matters held in suspension, best point for taking the supply, etc. 


Cost of supply from two or more possible sources would be 
carefully estimated both in respect of principal outlay and the 
interest thereon, and working eapenses. 


The latter will be probably the heaviest in a pumping scheme, 
but the interest or cost of permanent works for a gravitation scheme 
might outweigh it. 


759.—A small district in the country, composed of 20 colliers’ 
houses, is without proper water-supply. What steps can 
be taken under the Public Health Act in order to obtain a 
supply ? What are the duties of the local authority in such 
circumstances (1) as to discharging their own responsi- 
bilities, and (2) ax to compelling ,the owner to adopt 
certain meneures ” 


The 89th Section of the Public Health Act provides that 
upon requisition to that effect made by not fewer than ten in- 
habitants of the district, whether rate-payers or not, the local 
authority shall be bound to meet, after 21 clear days’ notice, and 
consider the propriety of forming part of their district into a special 
water-supply district, and the resolution of the local authority shall 
be published in the newspapers. It is competent for any person 
within 10 days to appeal to the sheriff, who is authorised to deter- 
mine the question and define the limits of the district if necessary. 


After a water-supply has been provided in a district the local 
authority can compel owners to provide the same to any house 
within the district which is without a proper supply of water at or 
near the same. The question of distance from the house in case of 
dispute is one for the sheriff to decide 


760.— What other works of public benefit should be associated with 


Public baths which should be erected and freely supplied with 
water, which should, if possible, be kept constantly flowing in and 
out. 


761.— Whit should the plan of diatribution of water include ? 


The plans for the distribution of water should include arrange- 
ments for the easy and immediate removal of dirty water. This is 
an essential point, for in many towns where houses are not properly 
arranged for small families, there are no means of getting rid of 
water from the upper rooms, and this inconvenience actually limites. 
the use of water, even when its supply is ample. 
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762.— What poinis may be adduced m favour of the total abolish- 
ment of wells when a better water-supply is available ? 


(1) In drawing water from wells, there is great expenditure of 
time and labour, in consequence of which 

(2) an insufficiency will be drawn and used, and as a secondary 
result, there is bound to be 

(3) defective domestic cleanliness with all its accompanying 
evils. There appears to be a fixed ruling on the part of the people, 
that the quantity of water used decreases as the labour expended in 

rocuring it increases ; and conversely where facilities for providing 
It are great, the consumption is large. 

[We have proved, from special observations made on the subject, 
that the ordinary bustee occupant does not use more than two 
gallons of water a day (unless the well is at his very door), a quan- 
tity altogether inadequate to effect the least semblance to domestic 
or personal cleanliness. 

Let us attempt to put the matter a httle more clearly. To 
enable perfect cleanliness to be carricd out in a household with the 
average number (about six) of people in it, each person requires 
about 12 gallons per day, that is, 72 gallons has to be daily conveyed 
to the house. Say the average distance of the well is 00 yards (many 
are 200 or 300 yards off; and the depth of the well 30 feet. 

One gallon of water weighs 10 lbs.; 72 gallons, 720 lbs., which 
raised 30 feet==21,600 Ibs. ‘he same carried 50 yards or 150 
feet=108,000 Ibs., or about 48 foot tons, in all, there being about 60 
foot tons of labour expended. Modern public water-works aim at 
altering this by providing water at the doors of the inhabitants. } 


763.—Jn order to secure an adequate supply of pure rain-water for 
domestic purposes, at dairy farms and country residences, 


what methods of collection, storage, etc., would you recom- 
mend ? 


As to the methods of collection there are two simple methods; 
(1) that of the eaves, gutters, and conductors leading to concrete 
reservoirs clear of the building, and in a position not near drains, 
dung-heaps, or other impurities. The eaves, gutters and conduct- 
ing pipes are too often formed of iron. The softeness, however, of 
rain-water has the effect of dissolving these metals, and lead and 
iron are therefore objectionable, if not dangerous. The jointing of 
conductors, eaves and gutters should be so formed that all the water 
be collected, they should also be clear of all sewers, drains, etc. 
The water should pass through sand and charcoal filters in order to 
remove the suspended and organic matter. The first part of the 
rainfall should be allowed to run to the drain. (2) Shallow reser- 
voirs constructed some distance from the house, and formed of 
concrete, have also been recommended by sanitary engineers, as 
obviating the roof impurities of the houses. They should be fenced 
in from cattle or other animals. Concrete tanks should be aérated, 
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riodically cleansed, and be provided with a man-hole and sludge- 
%k. [One inch of rain delivers 4673 gallons on every square yard, 
22,617 gallons, weighing 101 tons on each square eG 


764.—A town requires 30,000 gallons of wateraday. What should 
be the size of the rexervoirs to contain a three days’ 
supply ? 

30,0000 
6°24 (gallons in a cubic foot) 
mately), which is the amount required daily, and which multiplied 


by 3, equals the amount of a three days’ supply, and therefore the 
requisite available capacity of the reservoirs. 


4,800 cubic feet (approxi- 


765.—To what is the Chemical Examination of a ground-water 
proposed for town-supply, mainly directed ? 


To ascertaining the organic matter or to the evidence of previous 
pollution, but does not differ essentially from that followed out in 
the case of shallow wells It should be accompanied by an 
examination of the stream or pond. if the water is to be taken in 
the neighbourhood of a visible body of water, although, as we have 
seen, it is generally the case that the stream contributes a relatively 
small volume of the supply. 


766.—Is the Thames likely to ever fail in yiving @ sufficient supply 
of water to London ? 

The opinion expressed by the Royal Commission that investi- 
gated this question is as follows :— 

That the river Thames, supplemented if necessary by works for 
storing the flood waters, together with the river Len and the water 
obtainable from the chalk from the sonth and _ south-east of 
London, as well, probably, from the lower Greensand, will furnish a 
supply sufficient for any probable increase of the Metropolitan 
population. That a probable increase of population to 4,500,000 or 
»,600,°00, may have to be provided for. 


767.—What is a Store Reservoir and arhat are the purposes it 
serves ? 


A store reservoir is a place for storing water, by retaining the 
excess of rainfall in times of flood, and letting it off by degrees in 
times of drought. They are used for one or more of the following 
purposes :— 


To prevent damage by floods to the country below the reservoir; 
to prevent fhe evil consequences of droughts; to increase the ordi- 
ary oe available flow of a stream by adding to it the whole or part 
of the flood water; to enable water to be diverted from o stream 
without diminishing the average monsoon flow ; and to allow 
thechanical impurities to settle. 
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768.—- Define what ie meant by am impounding reservorr ? 


It is a reservoir of water formed by constructing a dam across 
a valley through which a stream runs, thus creating an artificial 
lake. 


769.—Nume such a reservoir, in existence ? 
That at the Moorfoot Hills near Edinburgh. 


770.— What is usually the best site for a reservoir ? 


_ Where there is an embankment thrown across a narrow gorge: 
this will usually embank a large basin. 


771.—Jn regard to the size of the reservoir what general principle 
may be laid down ? 


It can scarcely be too large, for the larger it is the longer the 
time during which repairs may he carried on without interrupting 
the service; its capacity will be determined by the facilities which 
we have for its construction and the fluctuations to which the supply 
is liable, and we have to determine upon a minimum. The same 
may also he said of the height and the depth: the overflow cannot 
be too high, nor the bottom too low. The height will be limited 
either by the level of the source or the power of the engine, and the 
depth must be such that it will still be able tosupply the highest 
orifices when the water has descended nearly to the bottom. 

The reservoir itself is generally a natural hollow, situated in 
the valley-line of the catchment basin, and of sufficient elevation 
to procure a fall, so that the water can be distributed without 
mechanical means being required t9 raise it. 

In India the storage tank should be large enough to contain 
a 12 months’ supply ; and the site which can supply the requisite 
storage-room with the least embankment and the feast area laid 
under water is to be preferred. 

Loch Katrine is a natural reservoir or lake, and Lake Thirlmere, 
from which Mancheater receives its new water-supply, is also a 
similar lake, which isto be increased in capacity, and its level raised 
fifty feet, by a dam built across one end of it. The natural outlet 
of Lake Thirlmere is to the north, bus the water for Manchester is 
to be obtained by tapping the southern end of the lake, and ure 
off the necessary quantity of water by means of a tunnel throug 
Kirkdale Pass. [As a rule they are constructed either by excavation 
or embanking, the simplest plan being to carry an embankment 
across a valley. A lining on concrete or clay puddle may be needed 
to render them water-tight. The embankments, necessarily of great 
strength, have a core of clay puddle and are protected from disin- 
tegration by a covering of grass on the outer side and dressed stone 
on the inner. | 


772—.How may we determine the site of a reservoir ? 
By observing the features of the ground, and the elevation. I 
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must be high enough to distribute the water when nearly empty, 
and low enough to allow of a sufficient gathering-ground above its 
highest level. (See next No.) 

773.— What are the points to be considered in selectiny sites yor 

reservoir ? 

In choosing the site of a reservoir, the engincer has chiefly 
three things to consider: the elevation of the site, the configura- 
tion of the surrounding country, and the materials for the work, 
especially those materials which will form the foundations of the 
embankment, or embankments, by which the water is to be retained. 

The elevation of the site must at once be so high, that from 
the lowest water-level there shall be sufficient fall for the pipes, 
conduits, or other channels by which the water is to be discharged 
to reach the highest point over which the water has to be conveyed, 
and at the same time so low that there shall be a sufficient gather- 
ing-ground above the highest water-level. 

The configuration of the ground is of great importance. That 
best suited for a reservoir site is that in which a large basin can be 
enclosed by embanking across a narrow gorge. To enable the 
engineer to compare such sites with each other, and to calculate 
their capacities, plans with frequent contour lines are very useful, 
or in the absence of contour lines, numerous cross sections of the 
valleys. Of course the water’s edge of a reservoir would itself be a 
contour line. 

As these large artificial reservoirs are generally made on the 
natural surface of the ground, and bounded in one direction only by 
an embankment of earth or a cam of masonry or brickwork, the 
first object is to choose a site or sites where the greatest amount of 
water can be stored with the shortest and least amount and length 
of embankment; for this purpose a river gorge, narrow and precipi- 
tous, terminating a great length of country, having a gradual fall 
towards it, offers the best ordinary natural conditions ; if in addi- 
tion, the lateral or transverse slope of the country is also very 
gradual, it becomes a large natural basin, with one narrow outlet, 
and if this admits of being easily dammed, an extraordinary ad- 
vantage not often available presents itself. 

‘ Much care is necessary in selecting ground for the construction 
ofatank for drinking-water. The interior of towns and villages 
is to be avoided, for the soil of such places has been eens te with 
the impurities resulting from the percolation of filth and drainage 
for years. ‘“ Made soil” is likewise specially objectionable as a site 
foratank. ‘he vicinity of all filthy pools and ponds is also to be 
avoided, for they will feed the tank through the medium of the 
subsoil. This may of course be prevented by having a thoroughly 
well rammed puddle bottom, sid. constructing an embankment, the 
oore of which should be puddled. All this however, increases the 
initial expense, and a puddled bottom is not always effectual in pre- 
venting percolation from the subsoil. The inside of the embankment 
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of tanks should be constructed of masonry, and the outer face 
turfed. Notrees or shrubs should be allowed to grow on the 
embankment, for the roots sink into, and spilt up the core, causing 
leakage and the formation of rat holes. A new tank should always 
be dug in new ground, and any foul ponds, cesspits, or superficial 
wells close by eoald be filled with earth. The earth dug from the 
tank will be valuable for this purpose. Tanks are fed by natural 
water channels leading to them, by specially constructed channels 
from impounding reservoirs or by similar channels without such 
reservoirs. In some cases tanks form the catchment basin of 4 
large area of ground, specially prepared or not, to receive the water. 


774.— After choosing u site for a reservoir, what is the first point to 
attend to ? 


The determination of its storage capacity up to different pro- 
posed levels of escape. For this purpose, marks are fixed at differ- 
ences of level of about 5 or 10 feet, on any convenient short line 
of section, and the contours of these levels are marked out and 
surveyed around the basin, in order to obtain the perimeters 
and areas at each contour, from these the contents of each 
lamina can be calculated, and the content up to any other 
contonr. If however it be preferred to obtain this by means 
of a series of longitudinal and transverse sections taken up to the 
heights of the various contour levels, itis perhaps best to direct the 
former in conformity with the axis or axes of figure of the basin, 
and the transverse sections at right angles to them, and as far as 
possible at equal distances along them, although in some instances, 
unequal distances and inclined directions, more suited to the form 
and nee of the ground, would give more correct results. the 
trne values of the corresponding rectangular transverse sections 
can then be obtained from the oblique sectional areas by multiply- 
ing them by the co-sines of their angles of obliquity. Should a 
winding river channel or depression form part of the basin, it is 
often more convenient and correct to estimate its content independ- 
ently and add it in afterwards. 


775.—.\fter fizing the siteand determining the storage capacity of the 
reacrroir, what ia nert tu be done ? 


After the site of a reservoir has been fixed, a plan of it should 
be prepared, with contour-lines numerous and close enough to enable 
the engineer to compute the capacity of all parts of the reservoir 
from the lowest to the highest water-level, so that when the reser- 
voir is constructed and in use, the inspection of a vertical scale 
fixed in it may show how much watcr there is in store. 


Care should be taken to observe whether the basin of « project- 
ed reservoir site has, besides its lowest outlet, higher outlets 
through which the water may escape when the lowest outlet is 
‘closed, unless they also are closed by embankments. 
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776.— What precautions are to be taken with regard to the figure of 
ground at the site of a proposed reservoir embankment ? 


It must be determined with care and accuracy, by making, 
not only a longitudinal section along the centre line of the 
embankment, bué several cross-sections of the site of the embank- 
ment, which should be at right angles to the logitudinal section, 
unless there is some special reason for placing them otherwise. 
One of these cross-sections of the embankment site should run 
along the course of the existing outlet of the reservoir site, which is 
peaets @ stream, and another along the course of the intended 
outlet. 


777.— What points areto be attended to in the construction of the 
foundation of the embankment of the reservoir ? 


The soil of the site of the intended embankment should be imper- 
vious to water, or capable of being easily removed so faras it is pervi- 
ous, iu order to leave a water-tight foundation; and its nature is to be 
ascertained by borings and trial pits. In somé cases it is not suffi- 
cient to confine this examination to the site of the embankment; but 
the bottom and sides of the reservoir-basin must also be examined, in 
order to ascertain whether they do not contain the out-crop of porous 
strata, which may conduct away the impeunded water. The best 
material for the foundation of a reservoir embankment is clay, and 
the next, compact rock free from fissnres. Springs rising under 
the base of the embankment are to be carefully avoided. 

‘The engineer should ascertain where earth is to be found suit- 
able for making the embankment, and especially clay fit for puddle. 


778.— What are the points concerned in the construction of the 
reservoir embankment ? 


The embankment is to be made of clay in thin horizontal layers. 
The central part of the embankment should be a “ puddle wall” ofa 
thickness at the base equal to about one-third of its height; it may 
diminish to about two-thirds or one-half of that thickness at the i 
Great care must be taken that the puddle wall makes a perfectly 
water-tight joint with the ground throughout the whole of its course, 
and also with the puddle coating of the culvert. 

During the construction of a reservoir embankment, care shonld 
be taken to provide a temporary outlet for the water of its gather- 
ing-ground, sufficient to carry away the greatest flood discharge. 
This may be done cither by having a pipe sufficient for the purpose 
traversing the culvert, or by completing ® sufficient bye-wash 
before the embankment is commenced. 

The outer slope is usually protected from the weather by being 
covered with sods of grass. The inner slope is usually pitched or 
faced with dry stone set on edge by hand abonta foot thick up to 
about three feet above the top water-level, and as much higher as 
waves and spray are found to rise. The top of the embankmentt 
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may be covered with sods like the outer slope; but it is often con- 
venient to make a roadway upon it. In either case it should be dress- 
ed so as to havea slight convexity in the middle, like that given to 
ordinary roads, in order that water may run off it readily. 
No trees or shrubs should be allowed to grow ona reservoir 
embankment, as their roots pierce it and make openings for the 
tration of water. For he same reason no stakes should be: 
iven into it. 


779.— What should be the general figure and dimensions of the 
reservoir embankment ? 


A reservoir embankment rises at least 3 feet above the top 
water-level, and in some cases 4, 6, or even 10 feet. It has a level 
top, whose breadth may in ordinary cases be about one-third of 
the greatest height of the embankment; the outer slope, or that 
furthest from the water, may have an inclination regulated by the 
stability of the material, such as 1} to 1, or 2to 1, the inner slope 
or that next the water is always made flatter, its most common in- 
clination being 3 to 1. 


780.-— What is the usual height of the embankment ” 


The height of the embankment varies from 3to 10 feet above 
the highest water-level, the top being covered with broken stones. 


781. — What is the Bye-Wash ? 


The bye-wash is n channel sometimes used to divert past the 
reservoir the waters of the streams which supply it, when these are 
turbid, or otherwise impure. Its course usually lies near one 
margin of the reservoir, and is then conveniently situated. 


783.—- With what tsa every impounding reservoir provided ? 
With an overflow weir. 
783.— What functions does this subserve ? 


Tt permits the discharge of the flood-supply from the drainage 
area, and this is often supplemented by a channel termed the bye- 
wash, which is used to divert the streams supplying the reservoir, 
so us to prevent fonling of the store-water. The flood-water carried 
off in this way flows into the natural water-course. 


784.— Describe the mode of action and the uses of a Waste- Weir. 


The waste-weir is an appendage essential to the safety of every 
reservoir. Itis aweir at sucha level, and of sucha each as to be 
capable of discharging from the reservoir the greatest flood-dis- 
charge of the streams which supply it, so as not to allow the water- 
level to rise to a dangerous height. The water discharged over the 
weir is to be received into a channel, open or covered, as the situ- 
ation may require, and conducted into the natural water-course 

the reservoirembankment. The weir is to be built of ashlar 
or squared hammer-dressed masonry; the bottom of the waste 
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channel, directly in front of it, is best protected by a series of rough 
stone steps, which break the fall of the water. Instead of a waste- 
weir, & waste-pit has,in some cases, been used, that is to say, a 
tower rising through, or near the embankment to the top water- 
tevel; the waste water falls into this tower and is carried away by 
aculvert from its bottom; but the efficiency and safety of this 
contrivance are very questionable, for it seldom can have a suffi- 
cient extent of overfall at the top. (See next No.} 


3.— What is the overflow or waste-weir ¢ 


The overflow or waste-weir is an appendage essential to the 
safety of every reservoir. It is a weir at such a level and of sucha 
length as to be capable of discharging from the reservoir the great- 
est flood discharge of the streams which flow into it. Knowing 
this discharge, and allowing a maximum depth of say 6 inches over 
the weir, the length of the latter may be easily calculated ‘The weir 
should be built of ashlar or square hecatier arennedl masonry. In- 
stead of a weir, what is known as a waste pit js in some cases used ; 
this is a tower rising through or near the embankment to the top 
water-level, into which the waste water falJls, and 1s carried away by 
a culvert at the bottom. Butas such atower can seldom have a 
sufficient extent of overfall, the safety it affords is questionable. 
The water that flows over the waste-weir is conducted away to the 
natural water-course by a byc-wash or channel. ‘This bye-wash may 
be much narrower than the weir, as the water may flow through it 
with an increased depth. In all cases the bye-wash should be cut 
round the end of the embankment, and not brought ,over the em- 
bankment itself. Sometimes it is cut to take the flood waters with- 
out allowing them to pass into the reservoir, and this plan is pre- 
ferable for several reasons. Usually the waste weir is segmental in 
form, and a fall of 1 or 2 feet is allowed on the down-stream side. 
To prevent too great a velocity in the channel by which the water is 
conveyed to the natural course the channel should be carried along 
level for some distance from the reservoir. Some engineers break 
the floor occasionally by steps. When steps are used, the fall should 
not be more than 9 inches; and the tread of the step should be equal 
to at least twice the fall. Near the reservoir, a layer of concrete 
should be placed under the bottom of the bye-wash. 


786.— What is the object of a Weir? 


It is partly to make a small store reservoir, but principally to 
prolong a high oY water-level from its natural situation at a place 
some distance up the stream to a place where water is to be diverted 
from the stream to drive machinery, or for some other purpose. 


The weir is constructed across the strenm so as to dam up a 
nearly still pond of water behind it, from which the whole flow of 
stream escapes through a notch, or other suitable sharp-pointed 
orifice in a vertical plate or board, the elevation of still or nearly 
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still water being observed on a vertical scale in the pond, when zero 


point is on a level with the bottom of the notch, or with the centre 
of a round or rectangular orifice. 


787 .— Whut is a Moveable Weir ? 


A moveable weir is generally a water-tight planted timber gate, 
or fall door turning on a horizontal hinge at its bottom, so as to be 
flat in a recess in the bottom weir when open. It must open down- 


atream and may be supported at any degree of opening by an 
arrangement on the down-stream side. 


788.— Name an essential requirement of a Wer. 


A weir always requires waste sluices or flood gates. 
789.—JVhat iv a Sluice? 


It is a sliding valve of wood or iron moving in vertical guides 
or grooves inside a rectangular passage or tube of masonry. It is 
generally moved by a screw or a rack and pinion joint. 


790 --Hor are the Sluices brought into use ? 


They may either be under the control of a man in charge 
of the reservoir, or they muy be self-acting. Water sluices may be 


opened to assist the waste weir in discharging an excessive supply 
of water. 


791.—Nilale briefly the precautions to be observed in the Construction 
of large Resercowre. 


Large reservoirs are made water-tight by a core of clay puddle ; 
the inner slope is protected by a pitching of dressed stones, the 
vuter by a covering of grass sods; the summit of the embankment 
should be 3 to 10 feet higher than the water-level ; the top 18 covered 
with broken stones: no trees or shrubs must grow on it; and care 
must be taken to prevent the possibility of rats burrowing into it ; 
an overflow weir is previded to permit of discharge of Hood-water 
from the drainage aren, and is supplemented by a bye-wash, which 
diverts the foul flood-water of the streams supplying the reservoir ; 
there is a cleansing-pipe at the lowest level; the discharge-pipe 
bends upwards, and is perforated with holes at different heights, and 
has guards to prevent entrance of stones, wood, etc. Certain plants, 
as profococcus and chara, give off oxygen, and may be allowed in 


reservoirs ; but duckweed (/emna and pistta), and all dead vegetable 
matter, should be removed. 


792.—What are the objects served by . 


Reservoirs generally have for their object either the detention 
of flood-water that might otherwise cause damage, as.in works of 
river improvements, or the utilisation of it in canals, of navigation, 
irrigation, or driving machinery, or for town supply. For the 
first purpose they must, tocffect their purpose, be very extensive 
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as this, and even if there were no other considerations at least half 
a day’s demand should be provided. Under the intermittent system 
the required capacity of the service reservoir will depend to a 
certain extent, upon how the system is worked. | 


798—Give an example as to the method of calculating tha required 
8ize OF m@ reservoir, 

Suppose that a population of 100,000 is to be supplied 
with 25 yallons per head per day, which is cqual to a total of 
2,500,000 gallons per day, and suppose, further, that the supply 
is to be taken from a catchment area, over which the mean annual 
rainfall is, say, 42 inches. Deducting one-sixth, or 7 inches, there 
will be 35 inches for the fall during three consecutive dry years, 
which we will make the basis of the calculation. ‘lhe square root of 
35 is 6 (nearly), and 1,000 divided by 6 is equal to 166, say 170 days’ 
storage. In addition to the above two and half million gallons per 
day, there will be, suppose, 1,000,000 gallons per day, to be given 
as compensation to streams, and 160,000 gallons per day to be lost 
by the evaporation, of say, one-tenth of an inch per day from the 
surface of she reservoir of say 70 acres. The total demand will 
therefore be 33,660,000 gallons per day. The dry weather flow into 
the reservoir we will assume as a little lesa than half a cubic foot 
per second from each 1,000 acres taken over an area of, say, 2,500 
acres. This will give 600,000 gallons per day, which deducted from 
the total demand, will leave 3,060,000 gallons per day. This 

uantity multiplied by 170 for the number of days’ storage, will be 
20,000,000 gallons, the required available capacity of the reservoir. 


The storage capacity may be taken as a certain number of days 
of the excess of the demand over the dry weather flow, that is to say, 
the average of the quantity which may be expected to pass into the 
reservoir during the drought. This may be ascertained from a 
series of comparisons of actual gauging with the rainfall during the 
same period. Should there be rainfall records of more severe 
droughts, the corresponding minimum flow of the streams will be 
still less in proportion to the fall of rain; for the loss by evaporation 
will be proportionately greater as the ground surface is hotter and 
more parched. In districts that are generally selected as catchment 
areas for town supplies, a dry weather flow of from one-quarter to 
three-quarters of a cubic foot per second (that is from 135,000 to 
about 400,000 gallons per day) per thousand acres, may be expected. 
Great caution however must be exercised in making allowances 
under this head, and a careful study of judiciously arranged 
gangings should invariably be made. 


After having ascertained the greatest excess of the demand 
above the supply, it remuins to be decided how many days’ storage 
will be required. As before stated, the number of days’ storage 
required will be greater as the mean annual rainfall is less. Thus 
im many parte of the west of England when the rainfall is greatest, 
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100 or 120 days’ sup Ply will be sufficient, while 240 or 250 days’ 
supply will be required in the East, when the total rainfall is Jess 
and the droughts are longer. It would appear that the storage 
capacity should vary inversely as the square root of the rainfall 
taken for three consecutive dry years, and moreover that if the 
constant number 1000 be divided by this root, a fair idea of the 
number of days’ storage required will be obtained. ‘The discovery 
of this Juw is dne to Mr. Hawksley and was arrived at only after 
many years of extensive observation. 


799.— How may the water collected in a@ storage reservoir be caleu- 
lated 


By ascertaining the area of the collecting basin, the average 
rainfall, and the average amount of percolation, evaporation and flow 
of rainfall off the surface. 


800.—In calculating the capacity of a reservoir what allowance 
must be made ? 


A certain space must be left below the lowest working level 
that is not available for storage. The use of this bottom (as it is 
called) is to collect the sediment from the water. The extent of 
this bottom varies under different circumstances. But it is well to 
allow a depth that at the lowest working level no portion of the 
bed at a distance of 3 feet from the water’s edge shall be less than 
6 inches from the surface. 


801.—In calculating the capucity of a reservoir, what must always 
be ascertained ? 


The space left below the lowest working level that is not avail- 
able for storage. 


802.— What is the use of this space ? 


The use of this space, or bottom, as it is termed, is to collect the 
sediment from the water. No rule for the volume of the bottom can 
be deduced from existing examples, for here again we find a total 
want of uniformity. Some engincers give a depth equal to one- 
sixth of the total depth of the water at the deepest part of the re- 
servoir ; but it is difficult to discover on what basis such a calcu- 
lation rests. The object being to allow a depth of still-water above 
the bottom for the purpose of preventing sediment from being 
drawn off, this end would probably be best obtained by allowin 
such s depth that at the lowest working level no portion of the bed 
ata distance of 3 feet from the water’s edge shall be less than 
6 inches from the surface. 

803.— What is meant by the available capacity of a reservoir? 

The avatladle capacity, or storage-room of a reservoir, is the 
volame contained between the highest total capacity by the volume 
-of the space below the lowest working water-level which space is 


13 
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Jeft as a place for the collection of sediment, and is either kept 
always full, or only emptied when it is absolutely necessary to do so 
for purposes of lente and repair. It is impossible to lay down 
a universal rule as to how much the space so left, or “ bottom,” 
is, but in some good examples of artificial reservoirs, it occupies 
about one-sixth of the greatest depth of water at the deepest 
part of the reservoir. The absolute storage-room required in a 
reservoir is regulated by two circumstances,—the demand for water, 
and the extent to which the supply fluctuates. 

The best rule for estimating the available capacity required in 
a store-reservoir, would probably be one founded upon taking into 
account the supply as well as the demand. 

In order that a reservoir of the capacity prescribed by the pre- 
‘ceding rale may be efficient, it is essential that the least available 
annual rainfall of the gathering-ground should be sufficient to sup- 
ply a Aha water-supply. 

{The foregoing principles as to capacity have reference to those 
cases in which the water is to be used to supply a demand for water. 
When the sole object of the reservoir is to prevent floods in the lower 
parts of the stream, it ought to be nble to contain the ascertained 
greatest total excess of the available rainfall during a senson of tlood 
above the greatest discharging capacity of the stream (consistent 
with freedom from damage to the country’. } 


804 — Define briefly what ix meant hy the available 
in a reservoir. 
Itis the volume between the surface and the lowest working 


level. 
805.— When the capacity of the reservoir has been determined, upon 
what will its dimensions depend ” 

Mainly on the character of the site. Depth is essentinl to the 
purity of the water, for in shallow water the growth of plants is 
very rapid, oreover, as evaporation depends upon the extent of 
surface exposed, the loss from this cause will be less as the depth is 
increased. For these reasons, @ reservoir should always possess 


considerable depth. 
806.— What should be the dimensions of storage-room ? 

The storage-room should be large enough to contain a four or 
six months’ supply; and the site which can supply the requisite. 
storage-room with the least embankment, the least amount of puddle 
and the least area laid under water is to be preferred. 


807.— What points ie it neceesary to be acquainted with to determine 
the amount of water to be stored when dependent on rain- 


fall? 
(1) Amount used, and (2) ease of replenishing. This latter 


depends upon the rainfall and upon the arca of catchment. 
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808.— By what rules may we calculate size of reservoir ? 


Number of gallons required daily for whole population -- by 
6°23 to bring to cubic feet and x by number of days the supply is to 
last = size of reservoir in cubic feet. 


809.— What quantity of water should an impounding reservoir 
contain ? | 
About 120 days’ supply in rainy districts, and 200 days’ supply 

in the less rainy districts of England. 


810.— What supply should serrice reservoirs contain ? 


About 3 days’ supply. With a catchment area large in propor- 
tion to population,and with a fairly distributed rainfall, the necessary 
storage space will be less than ina district where there are long 
droughts to be provided for, and where, the catchment area being 
small, itis essential that loss by escape of water during heavy floods 
should be minimized by providing large reservoirs. ' 

In dry sensons the reservoirs will not be full. In flood-time 
the excess of water flows over a weir at a fixed height into a ‘bye 
wash’ or side channe)], and thence into the main stream. 

The amount of storage required for the water-supply of a town 
necessarily varies, not only with the numbers of the community to 
be supphed, but also according to their habits, and the industrial 
occupations carried on; and in manufacturing towns the amount of 
water required for industrial purposes may exceed that required for 
domestic use. Whatever be the required daily supply, the storage 
capacity of the reservoirs in rainy districts should equal 150 days’ 
dry weather supply (Pole); andin dry districts 200 days’ supply. 

Dr. Pole (Water Supply, p. 21,) has given some simple and useful 
formulw for calculating the collecting area requisite, where the rain- 
fall is known, and the loss from evaporation fairly established. 


If Re=the mean rainfall in a piven year, in inches, 
E=the estimated loss by evaporation, etc., in inches, 
Aethe nrea of gathering ground in acres, 
then gallons of water per day=62A (R—R’, 
and cubic fect of water per year=3630 A (R—E). 
811.—Upon what dues the size of an impounding reservoir depend ? 
Upon the amount and fluctuation of the supply. 


812.— What regulates the size of the storage reservoir ? 


It depends upon the amount and fluctuation of the supply ; 
ache 120 days’ supply is the least of any used, but 140 days’ sup- 
ply is however nearly always sufficient. 


$13.— What should be the storage in the dryer districts ? 
At least 200 days’ supply. 
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814.— What is Hawksley’s formula for calculating the capacity of 
storage reservoir ? aa 


Hawksley’s formula for storage is D=- 


D being number of days’ onpey to be stored, F mean annual 
rainfall (five-sixths of average). Storage capacity may vary from 
25,000 to 50,900 cubic feet per acre of catchment area. 


815.—Kezplain Hawksley’s formula and give an ecumple as to how the 
calculation is worked out. 


Mr. Hawksley’s formula for calculating the number of days’ 


storage requisite is to divide 1000 by the square root of the annual 
rainfall in inches. Thus, with a rainfall of 36 inches, the day's 


storage required 1s ea eae days; and with a rainfall of 
; . 1000 1900_,. 
64 inches 18 Ta 6 ==125 days. | 


816.— How may we calculate the required size of a reservoir ? 


The number of gallons required daily for the population divided 
of (which calculation reduces it to cubic feet of water}, multi- 
plied by the number of days’ supply required: the result is the size 
of the reservoir in cubic feet. 

‘817.— What should be the storage-room in relation to the catch- 
ment area ? 

From 25,000 to 50,000 cubic feet per acre of catchment area. 


818.—Upon what basis is the capacity of a storage reservoir 
calculated ? 


In constructing reservoirs the storage capacity 1s estimated 
from the number of dry consecutive days, likely to be experienced 
in any given locality. [In England this is seldom more than a 
month. } 


819.— Discuss the questions related to the matter of storage. 


The amount of storage required will depend on the following 
circumstances, viz., the amount used and the ease of replenishing. 
It is, of course, easy to calculate the space required when these con- 
ditions are known, in this way :—-the number of f pear required for 
the daily whole population must be divided by 6°23 to bring into cubio 
feet and multiplied by the number of days which the storage must 
last ; the product is the necessary size of the reservoir in cubio feet. 


Hawksley’s formula for storage is as follows aera where F equals 


the annual rainfall in inches; the resulting number is the number 
of days’ storage required. Thus, with a rainfall of 25 inches, we have 


ON a = O00 dary: 
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[ Whatever be the size of the reservoir, it should be kept care- 
fully clean, and no possible source of contamination should be 
permitted. | 

Many waters, particularly rain-water, must be filtered through 
sand before they pass into small cisterns, and the filter should be 
cleaned every three or four months. A double filter can be made by 
having a second chamber. 


820.—Js a certain amount of vegetable life good for store 
reservoirs ? 


Yes; the presence of moderate quantity of living plants, exerts 
a decidedly purifying influence, while the destruction of fish has 
been followed by an excessive multiplication of the small crustacean 
animals on which the fish had hived, thereby rendering water 
nauseous and impure. The remedy was fcund in re-stocking the 
reservoir with fresh fish (RANKINE). 


831.— What other precautiona are to be taken ? 


That the storage reservoir be well protected from contamination 
by cattle, and by excreta of human beings. They should be kept free 
from weeds, some of which may communicate an unpleasant taste to 
the water; and all dead and decaying vegetable matter is more 
or less injurious. When in the neighbourhood of towns and fac- 
tories, the reservoirs should be covered, so as far as possible to 
exclude contamination by solid particles floating in the atmosphere. 

All reservoirs require to be frequently cleaned ; they should be 
covered in, and ventilsted ; in form, deep rather than extended, so as 
to lessen evaporation and secure coolness. If too large to be covered 
in, 8 smaller covered one with a filter between should be provided, 
containing three days’ supply. 


822.- By what formula may we calculate the time employed tm 
filling and emptying a reservoir when the supply and 
consumption are going on simultaneously ” 

Q = Supply of water to reservoir in cubic feet per minute. 
q == Consumption of water from reservoir in cubic feet per 
minute 
CO = Contents of reservoir in cubic feet. 
7 = Time required for filling reservoir in minutes. 
t = Time required for emptying reservoir in minutes. 


T — . i= ae e 
Q—4 y—Q 
823.—HHow doea the water pase from the reservoir ” 
Through aqueducts by an outlet-pipe which is bent upwards 


at ite commencement, so as to take only the purest water free alike 
from sediment and floating matter. 
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824.— What would ibe the storage-room required for the water 
collected in an area 200 sq. ft. with a rainfail af 20% ? 


Reduce the 200 sq. feet to sq. inches and multiply by 20, 
which gives the number of cubic inches divided by 1728, gives the 
‘actual amount of water in cubic feet to be stored. 


825.— When a larye and crowded area has to be supplied what pre- 
cautions are to be taken ? 


The additional expense in piping which wonld be thus entailed 
is sometimes so great that distributing basins or town-reservoirs 
are constructed to supply certain districts. To meet all emergencies 
they are made large enough to contain at least a day’s supply, an 
they must also have a site of sufficient elevation to ensure distribu- 
tion by hydrostatic pressure. Every such reservoir should be roofed 
in and ventilated, to protect the water from frost and heat, and 
from becoming tainted with aérial impurities. 


826.— 1re spare reservoirs necessary in towns ” 


They frequently are, particularly when the requirements vary at 
different periods of the day and the greatest hourly demand is 
double that of the average demand.* [These reservoirs should be of 
&® capacity sufficient tu hold one day’s supply, and they should be 
both covered and ventilated. | 


827.— What are the chief points attended to in the construction of 
supply reservoirs or diatributing basins 7 


To meet all emergencies, they are made large cnough to contain 
at least a day's supply, and they must also have a site of sufficient 
elevation to ensure Ainceibubion by hydrostatic pressure. Every 
such reservoir should be roofed in and ventilated, to protect the 
water from frost and heat, and from becoming tainted with acrial 
impurities 

S28.— What daily supply and volume in the storage reservoir 
would you consider necessary for a popilation of 90,000 ? 


At least 20 gallons each, or 1,800,000 gallons storage should 
be provided for 6 weeks’ supply. 
90,000 + 204-32 = 75,600,000 gallons : 
for which storage rvum is required and this+-6} = cubic capacity 
necessary in ft. with a reservoir 500 feet. sy. depth, would be 


iz 
gosta A == 106 per day. 





829.— What ida pando are necessary hes enoruly the sediment 
which collects in the bottom of the reservoir : 


+ 


,  Inorderto remove the sediment which collects in the bottom of 
pecans 





* RANKINE’s Civil Engineering. 
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the reservoir, there is always a cleansing pipe, as well as a discharge 
pipe, the former being on a level with the lowest point in the reser- 
voir and discharging with the natural water course below the 
embankment. Both are carried through a culvert in the embank- 
ment, which is built of stone or brick, and founded on the solid 
rock. The aqueduct or discharge pipe bends upwards in the reser- 
voir, and has a series of inlets, the lowest at the lowest working 
level, and the whole of them guarded against the entrance of small 
stones, pieces of woud, or other bodies, which would interfere with 
the action of the valves. The sluices which are required for both 
pipes are situated in the reservoir, and are worked from the sluice- 
tower. 


As already stated, storage or impounding reservoirs are neces- 
sarily settling reservoirs ; indeed all reservoirs are so to a greater or 
less extent. Thearea and capacity of which storage reservoirs as such 
have to be made is generally in excess of that required for efficient 
settlement. so that seldom, if ever, will an addition have to be made 
to the Capacity of a storage reservoir, in order especially to allow of 
the complete subsidences of suspended matter. For even when there 
is an exceptionally small quantity of water in the reservoir, say 
only a weck’s supply. it will in most cases be at rest to all intents 
and purposes; in other words, the velocity of the current towards 
the outlet will be far lower than will be likely to interfere with the 
settling process. The case is different where large storage capacity 
is not required, and where reservoirs have to be provided expressly 
for the purpose of punfying water by subsidence. as, for instance, 
where the supply isderived froma turbid river whose flow is greatl 
in excess of the reyuirements of the works. Here the object will, 
of course, be to provide for the settlement of the mechanical impuri- 
ties with the least possible expense. 


830.—1f house cisterus ure ‘idispensable, what precarntions showld 
be taken in regard to thetr construction ? 


Where house cisterns are indispensable, they are best construct- 
ed of well-cemented slate slabs, which should be thoroughly en- 
amelled inside. A wrought-iron cistern coated with some bitumi- 
‘nous compound has been recommended by many. The ordinary iron 
tank reservoir similarly coated is very useful, although from the 
absence of fresh air, if it is not thoroughly looked after, the water 
in it rapily deteriorates. A cistern of thoroughly glazed and 
cemented bricks is also a convenient form of construction for house 
cisterns. Lead cisterns should never be used in a house. Galvan- 
iged iron is alxo objectionable. Another important point is, that the 
service pipes which convey the water from the mainsand sub-mains 
to-the housetops or cisterns, should never be composed of lead or 
galvanised iron. A safe pipe is a leaden one lined with block tin. 
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Wooden cisterns should likewise be avoided, as the wood is ap 
eae to favour the putrefaction of, and impart organic impu 
to, the water. 


831.— What materials are frequently employed in the construe 
of ctaterns ? 


Lead, slate, galvanised iron and zinc. Stone, ae brick li 
bebe Portland cement, glazed earthenware and lime are likey 
used. 


832.— What are the objections against irom, zine and lead. cister 


Iron cisterns rust and discolour the water and give it a ch 
beate taste; zinc is rapidly dissolved by water and prodt 
isonous effects; lead is dissolved at first when the cistern is r 
rapidly becomes coated with carbonate or sulphate of | 
when the water is hard, or witha carbonate and oxide when 
water is soft. Soft waters act upon lead, dissolve it to a danger 
extent and thus bring about lead-poisoning. 


833.--Why is zine so commonly used ? 
On account of its cheapness. 

834.— What is the best maternal for hous cisterns ? 
Slate, well set in hydraulic cement. 


835.—What special points are to Le attended tu in regard to cia- 
terns ? 


They should be properly covered and protected from hest and 
frost and foreign bodies. They should be periodically cleaned and 
inspected. They should be well ventilated and placed ina well 
lighted locality. They should not be in proximity to water-closets 
or sleeping apartments. They should have no communication with 
the water-closet, the bhoae inl ly should if possible be absolutely 
distinct. The waste pipe shou d not communicate with the drain or 
sewers directly. All cistern-water should be thoroughly filtered 
after leaving the cistern if the water is to be drunk, or » small filter 
may he pion! in the cistern, so that the tap connected with the 
latter delivers filtered water. Cisterns are always a danger to the 
pay of water, and if possible there should be no cisterns in the 

ouse beyond that for the kitchen boiler and water-closet. Cisterns 
frequently leak, therefore it is necessary to have them placed in 
such a position that should they leak no harm will accruc. 


836.—Is zinc as bad as lead for cisterns ? 


' It is not; but as it is also poisonous? although not to the same 
extent as lead, it should be avoided for cisterns. 
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837.—If a lead cistern must be used what precantion must be taken 
to commence with ? 


That the whole of the water of the cistern should be allowed to 
run out as in all probability it will have dissolved out some of the lead. 


* 838.—What effect has hard-water on lead cisterns ? 


It causes a deposit upon the inner surface of the cistern consist- 
ing oeuely of carbonate or sulphate of lead. These deposits form 
a lining which protect the surface of the metal from further action. 
It is for this reason that the inside of a leaden cistern should never 
be scraped when the cistern is being cleaned out. 


839.— Whut is the effect of washing und scouring out leaden cisterns 7 


If there is a deposit of insoluble lead salts, this protective 
coating over the lead is removed and exposes the fresh bright lead 
surface to the action of the fresh water, with the certainty that some 
would be absorbed before another protective coating was deposited. 
Lead cisterns therefore should not be washed and scraped as other 
cisterns usually are. 


840. — Whot is the objection to stone cisterns ? 
They are too heavy except in basements. 


841.— What form of cistern is recommended by Professor CORFIELD ? 


Galvanised iron, that is, iron which ia coated with a thin layer 
of zinc. 


842.— How may the rusting of iron cisterns be prerented ? 


By giving them a coating of boiled linseed-oil before they leave 
the foundry, or coating them with a bituminous material. 


$43.-- Whol is the objection to alute cisterns ? 


They are apt to leak ; the points of leakages are not uncommonl 
smeared with red Jead, which is attacked by the water, and thus lead 
poisoning results. Ifthe slate is set in good cement (not mortar, as 
this makes the water hard), it is perhaps the best of all materials 
for a cistern. 


844.—How may lead cisterna be protected ? 


By giving them an inside coating of tar, pitch, or other pre- 
servative material, or by a layer of block tin (Haines’ patent). 


845.—What ia the first essential requirement of house cisterns ? 
That they should not be constructed of a material that will 
impart any injurious quality to the water. [Galvanised iron fand 
slate both answer the purpose well; the latter, however, although 
the best in other respects, is heavy and it is difficult to avoid 
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leakage through the joints; these should be carefully made with 
cement. The risk of metallic contamination in the case of the 
former has often been demonstrated. | 


846.-— What ia the next most important point in connection with 
house cisterns ? 


They should be easily accessible, and, while the sun's rays 
ought to be excluded. the place where they ure fixed must not 
be dark. ‘his requirement is essential so as to afford every 
facility for inspecting and cleansing. It is not unusual to tind 
cisterns placed under floors by reason of the foul condition of the 
water, a search is made, and the cause, in the shape of dead and 
decomposing rats, is discovered. They should be protected from 
frost. Cisterns, where, as, under the intermittent system, they 
are necessary, should likewise be secured from frost aud sun, as 
well as from all chance of the entrance of dirt, dust, ete. Two 
situations very commonly selected by builders are equally to be 
condemned—one is the immediate neighbourhdod of the water-closet, 
chosev with the object of saving a few feet of pipe; and the other, 
for security from frost, is beneath the flouriug of «# landing 
or bath-room, where dust, slops, and the like find ready entrance. 


847 .— What other points are necessary in connection with house 
claterns f 


They ought to be covered and ventilated, otherwise dirt of all 
description will enter. 


The overflow-pipe ought to be carried to the outside where it 
should either be cut short or discharge on to an open gully. It is 
& very common practice to connect it direct with the soil pipe or 
drains, in which case it simply acts asa ventilator, and foul gases are 
conducted direct to the drinking-water. In some instances in 
which this is done a siphon-trap is introduced, but as the overflow 
Pipe is only in use when the ball-tap, which regulates the supply of 
water, is out of order, this trap, owing to evaporation must stand 
empty, and, therefore, be absolutely useless. 


The supply-pipe for the water-closet must not pass direct from 
the cistern, but a smaller cistern (water-wasxte preventer) ought to 
be interposed. 


848.— What is the beat means of storing water 7 


In all such cases the best mode of storing water is in under- 
ground tanks constructed of sound masonry with vaulted roofs 
‘and lined with hyradulic cement. It is thus secured from contami- 
nation and from the influence of changes in the external tempera- 
ture to which cisterns above ground are liable. Thus Captain 
Galton observed the temperature of a well to vary only between -~ ~~ 
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and 51‘5° during the year, that of the water in the mains between 
39°7° and 648°, and that of the cistern between 33°6° and 71°5°, show- 
ing an annual range of 1° in the well water, 25° in the mains, and 
38 in the cisterns. 

To indicate briefly the conditions under which water may be 
safely stored in houses the following rules should be observed :— 

(a) Thecistern should be of stone-ware, slate, or galvanised iron ; 

(b) It should be placed in a light and well-ventilated position, 
and should be properly covered ; 

(c) It must not be used to flush water-closets, but may supply 
the “intercepting ” or waste-preventing cisterns, which should be 
used for this purpose ; 

(d) The overflow pipe must be carried out into the open air to 
terminate as a warning pipe; it may end over the open head of a 
raiu-water pipe if the cistern is in an upper storey, or over a trap- 
ped siphon gulley when the cistern is near the ground ; 

(e: The cistern should be cleaned out at regular intervals ; 

(f) The inlet to every cistern ought to have a cock with a float 
to rise and stop the ee oe when the cistern is full. 


849 — What other precaution is necessary ? 


Every cistern should have a well-fitting lid. always kept closed ; 
Otherwise, not only dust gets in the water and noxious gases, but 
also decomposing vegetable matters, and even dead cuts, birds, etc. 


850.— With regard to house storage of water what opinion dtd the 
Rivers Pollution Commissioners erprrss in their Sieth 

Report ? 
“ All storage of drinking-water in houses is attended with the 
risk of pollntion. Good water is spoiled, and bad water rendered 
worse, by the intermittent supply ‘house storage being inseparable 
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from this form of supply). 


851.—How may the connection of the overflow pipe with the house 
drainage system pollute the cistern water ’ 


Suppose that the overflow pipe hasa 8 bend on it before its 
Junction with the drain, but as the water in a trap quickly evapo- 
rates when not renewed—and the water in this trap can only be 
renewed if the ball-cock of the cistern leaks—litéle obstacle is pre- 
sented to the passage of foul, and possibly infected, sewer air from 
drain, soil-pipe, or D trap, up the overflow pipe, where it escapes 
over the water of the cistern. This direct connection of the over- 
flow pipe with the drainage system is said to be one of the chief 
causes of the spread of typhoid fever in towns. 


852.—What danger ia likely to arise if the house cistern communi- 
cates with the water-cloacts, and how may auch risk be 

avotded ? 
‘he danger of sewer gas rising through the pipe. There 
should be a special small cistern for the use of the closet, What are 
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termed water-waste preventers are now commonly used, fed either 
by a cistern or by constant supply. They are boxes which are emp- 
tied into the pan, by a valveand are then re-filled. There are many 
kinds, but perhaps the best are those that work by siphon action, 
brought into play by palling a wire. The amount of water should 
not be less than two gallons, and the fall should not be less than 
3 or 4 feet, so as to insure thorough scouring of the soil-pipe. 


853.— What other precaution is necessary with regard to stored 
water ? 


Any water collected in the house for intermittent use ausing 
the day should be carefully protected from all possible sources 0 
renee ae and the receptacle for the water should be periodically 
cleaned. 


854.—State briefly the conditions under which a cistern is least lia- 
ble to yield impure water ? 


A cistern, if any is needed, should be placed at the top of the 
house, and fed by a supply-pipe controlled by a ball-cock. It must 
be large enough to contain at least a day’s supply, and must not 
directly supply the water-closet. It may be made of lead, lined 
with pitch or other protective coating, or of galvanised or Barff 
iron, or of slate slabs set in cement. It should be closely covered, 
but ventilated, and provided with an overflow discharging into the 
open air away from any source of effluvia. Frequent inspection 
and cleaning are necessary. 


855.— What prevents further flo of water when the house cistern ts 
full ? 


A ball-tap prevents any further flow of water; and if this does 
not act properly, an overflow-pipe carries off the excess of water. 


856.—Compare the merits of the different materials used in the 
construction of house cistern ? 


For the private storage of the inhabitants—slate, lead, iron, 
and zinc cisterns are most used, on account of the cheapness 
of the material. Lead is open to the objection of the poisonous 
nature of the soluble compounds sometimes formed by the action of 
the water on the metal. Slate cisterns are difficult to kcep water- 
tight: and if iron is used, it should be coated with the patent 
material used for water-mains. All cisterns should be kept covered to 
prevent contamination, but free ventilation should be provided. They 
should also be placed so as not todamage the house or render it damp 
in case of leakage, and also be easy of access for inspection, cleaning, 
etc, Care must be taken that the waste does not communicate wit 
the drains or closet-trap, but that it opens intothe openair. A 
ba formerly common in London was to carry the waste-pipe 

the closet-trap. All cisterns should be inspected and cleaned 
periodically. 
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857 .— Name another source of pollution from connection with drains. 


Drinking-water in cisterns becomes liable to a very dangerous 
pollution by the very general practice of connecting the “ standing 
waste” or overflow-pipe of’a cistern with a drain or soil-pipe of the 
house, or with the D trap under a water-closet. 


858.— What are the chief objections to cisterns ? 


—"(1) The danger of pollution of the water by sewer air, dust, soot, 
and accidental contaminations such as dead mice, birds, or cock- 


roaches, and (2) the risk of solution of the material of which the 
cistern is composed. 


859.— Where the overflow-pipe joins the soil-pupe below the siphon 
of the water-closet, what may occur ? 


Sewer gas may mount directly into the cistern and be absorbed 
by the water; where it is joinéd to the trap of the siphon on the side 
nearest the water-closet pan, only the offensive gases from the water- 
closet can, as a rule, mount into the cistern. 


860.— Should the water-cluset be supplied from the same cistern 
as supplies drinkian-vwater ! 


It should not, forthe ;ipe leading down to the closet often 
carries closet air to the cistern. A small cistern or service-box 
should be provided for each closet. 


861.—Whai special points must be attended to in the cleaning 
out af cisterns 7 
The cistern must be frequently cleaned out, at least once every 
two or three months, all chips of mortar, etc., being very carefully 
removed, as they speedily corrode the lead or iron. It should 
always be cleaned out when, for example, the family returns from 
summer holidays,and before drawingany water for cooking, drinking, 
etc., from it. It should be cleaned out with a soft hearth brush, lightly 
rubbed over it and with vlenty of water; the sides must on no 
account be scrubbed with a hard brush, or with sand or anything 
rough, as this would remove the protective coating. After heavy 
rains, by the melting of snow and the breaking up of ice, rivers are 
more than usually turbid, and the filtration of the water is less per- 
fect. In the hot months of the summer again, though the water sup- 
plied may be at its best, the ee matters which tend to accu- 
mulate in acistern undergo rapid decomposition, and for this reason 
the water should be allowed to run off or the cistern be emptied for 
garden or other purposes. 


862.—Cisterns are occasionally used to supply water-closeis which 
have regulator valves on the supply-pipes. Is this ad- 

visable / 
Although there is but little danger of foul air finding its way 
into the drinking-water of the cistern, by this arrangement, as the 
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supply-pipe is always full of water unless the cistern is empty, still 
it is better to brernk the connection altogether between drinking- 
water cisterns and water-closets. 
863.— What are the chief pionts to be attended to in regard to the 
overflow-pipe of a cistern ? 

It should never open into a sewer or water-closet pipe, because, 
even though properly trapped, the water seal may disappear 
by evaporation and the gases pass up and be absorbed by the water. It 
must have no communication with any other overflow or waste soil- 
pipe or drain. It should pass through an external wall and dis- 
charge by an open end, some little way above the ground, over a 
trapped grating, it should not however, be near an intercepting drain, 
trap or its grating. because if the trap alr gi then gases are 
apt to be drawn np the pipe, by the warmth of the house, to the 
cistern. A very safe and good plan is to let the overflow-pipe open 
into the roof gutters. Theend of the overflow- pipe should be easily 
feen so as to detect any unnecessary waste. The overflow-pipe 
should be used only as a warming-pipe, and open on the outer wall so 
that it can be readily seen. In this manner it apprises the occu- 
pants of the fact that something is wrong,as the cistern will not 
overflow unless there be something wrong with the valve of the 
inlet-pipe. It may also open into the bath or over a sink 

It should never be connected with the drainage system, but should 
he made to discharge its contents over a properly trapped gully. 
But in dry weather there is risk that the gully may become unsealed 
owing to the evaporation of water in the trap, and therefore when it 
is possible, the waste-pipe of a sink, lavatory or bath which is fre- 

uently in use, should be made to discharge into the same trap, and 
thus ensure that it shall always be charged with water. 

In short an overflow pipe from a cistern should never lead 
directly into a sewer, but should end above ground over a trapped 
and ventilated irises If this were always attended to, no sewer 
gases could find their way to the cistern through this channel. 

864.— What else is necessary as regards the trap connected with 
the waste-pipe ? 

That from the trap the waste should be carried as rapidly as 

sible through the walland then made to descend to the gully. 

e ventilation of the trap which is needed to prevent siphonage 
when the waste-pipe is long, or when two or more waste-pipes 
are connected, is effected by the insertion of an air-pipe into the 
top of the trap beyond the seal, the other end being carried throngh 
an external wal] into the open air. 
868.— What precautions should be observed as regards the waste- 
_ pipe of cisterns 7 

Asa rule, a waste-pipe should not only be as short as possible, 

but it should aleo be easily accessible at the outer end, soas toallow 
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of its being periodically cleansed by means of a brush being passed 
into it The trap in the waste-pipe should be of the simple 8 form, 
and furnished with a brass screw-plug, in order to afford access to it 
for purposes of cleansing it and removing obstacles such as pieces 
of flannel, hair, stumps of lucifer matches, etc, which frequently 
get into the pipe. The trap should always be formed inthe course 
of the pipe itself, the continuity of the circular bore being carefully 
preserved. Excellent cast lead pipe-traps of various diameters. with 
suitable screw mspection-holes, are manufactured expressly for the 
purposes above referred to. 


866.—Whut ure the best form of cisterns ? 


Siphon waste-preventing cisterns are to be especially com- 
mended. 


867.—Where should the overflow-pipe from u cistern end ” 


It should never lead directly into a soil-pipe, sewer, or drain, but 
should end ubove ground over a trapped and ventilated grating. If 
this were always attended to, no sewer gases could tind their way 
to the cistern through this channel. 


868.-— Whit should be the diameter of the waste-pipe ” 


If the waste-pipe has a diameter of 1} inch, this will be suffi- 
cient even for baths, and if two or more be joined, they may discharge 
into a somewhat larger pipe . a good arrangement is then to carry 
a ventilating pipe from the upper end of the common pipe, to some 
convenient position above the level of the windows. 


869 — Wheat precautions should be observed as regurds the service- 
pipes from the cistern ? 


The service-pipes from the cistern should be so arranged that by 
means of a stop-cock immediately under the cistern, or as near there- 
to as possible, the water may be shut off from the pipes, and they 
may be emptied whenever necessary, either for repairs or on 
the approach of frost. ‘This is a most useful arrangement, and one 
that ought not in any case to be omitted. It is necessary to observe, 
inoreover, that in fixing the pipes, every pipe should be so arranged 
as to allow it to empty itself completely when the supply has been 
shut off at the cistern by means of the stop-cock above referred to, 
and when the tap at the outlet has been opened. Nala 8 ha as & 
rule, should not be fixed in positions where they are specia ly lable 
to draughts of cold air; hence they should not be placed immedi- 
ately beneath a window, because in cold weather the current 
of cold air passing downwards from the window, even though 
the window be closed, is very linble, under certain conditions, to cause 
the water in the pipes to freeze. bees 

Pipes for conveying water from the main supply-pipes in the 
roads are, in London, ‘almost invariably of lead. The bye-laws of 
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the metropolitan wator companies compel the use of lead pipes when 
fixed under-ground. 


870.— What ae the best method of treating the waste-pipes of cis- 
terns 


To carry them through the external walls and leave them open in 
that situation, so that, on the one hand, no unwholesome emanations 
can enter the cistern, and, on the other, the waste of water resulting 
from a faulty ball valve is at once seen, and can be remedied. But 
the wastes of sinks, Javatories, and baths must be differently dealt 
with. Unless the sink is of the kind known as a slop-sink, and 
used for disposal of urine, a circumstance that requires it to be 
treated as a water-closet, all wastes should he made to discharge 
over trapped gullies in the open air. Such disconnection renders it 
impossible for the air from the drain to enter the house. 


a part of the water-supply system in which areat 
waste occurs £ 


In water-closets. Many engineers are of opinion that the 
great waste which is sometimes complained of, is owing to water- 
closets. 


872.— What are waste-water preventers / 


They are rectangular boxes holding a definite amount of water, 
and usually so arranged that they may be emptied on the siphon 
principle. Each time the closet is used the ye shaaee of water in 
the “ preventer” is discharged into the pan. This contrivance pre- 
vents the water being turned on and permitted to flow indefinitely. 


873.—What is the quantity of water legally prescribed to flush 
aw. C.? 


Two gallons. 


874.— Is this sufficient ? 


Only if the pan is of perfect construction and the pipes 
are well laid and not too remote from the surface sewer. 


875.— What means are adopted to prevent water-closel waste wm the 
water-closets ? 


In towns with a constant supply, small cisterns, termed water- 


waste preventers, have been introduced, to permit only a certain 
amount of water to flow intothe pan each time the closet is used, 


876.— Whai is the great objection to a large number of these waste. 
water preventers 7 
They are generally too small, so that neither the pan nor the 
sy ag is thoroughly flushed, and there is the consequent risk 
of filth accumulation. 
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877 .—Ie there any danger in eupplyind the water-closet with water 


from the general cistern of the house ? 


There is considerable danger,—unless the closet have adapted 
to it a “‘ waste-water preventer,” or the pipe between the cistern and 
the water-closet is kept constantly full of water—the supply valve 
should be attached to the water-closet and to the pipe. In cases 
where the supply valve is at the cistern end it is impossible to keep 
the water pure, xs the pipe between the cistern and the basin, inthe 
intervals of use, is full of gas drawn up from the basin and closet,and 
the next time the supply valve is opened, the gas bubbles up through 
the cistern water, much of it is, of course, absorbed. The water- 
closet should always have a separate cistern. 

The supply-pipe is always furnished with a stop-cock or valve, 
raised by a floating ball, to cut off the inflow when the cistern is 
nearly full. Of these there are a great many patterns to be found 
in catalogues, but ball valves have nearly superseded ball cocks, 
being less liable to get out of order. Among the best is that of 
Tylor and Sons, in which the jerking caused by the agitation of 
the water as it enters, which is often very great, is borne by 
the lever only. Underhay’s equilibrium, and Tylor’s high pres- 
sure ball valve, both working horizontally, permit of a full 
stream beeen until the cistern is all but full, and the latter 
is specially suited for sustaining a high-pressure. A very cheap 
and ingenious form is the wedge Ball valve of Flood & Co., of Black- 
friar’s, which works well under high and low pressures, and with 
hot or cold-water. The loose ball valve of Guest and Chrimes, 
of Rotherham, working on a metal seat by means of a screw so 
threaded that it is opened and shut by very small variations in the 
level of the water in the cistern, is also deserving of notice. 


878.— How may the water of small houses be used to flush drains ? 


In small houses the water which is discharged into the soil 
drain is sufficient to remove its contents, but otherwise this can be 
accomplished by a fluah tank which periodically discharges the whole 
of its contents into the drain. This tank consists of a cistern which 
contains a large onter tube closed at the upper end and inverted 
over asmall inner tube thus forming a siphon. The inner tube 
is one? at the top, and passes vertically down through the tank 
to dip slightly under the surface of water in a chamber below the 
tank, the water in this lower part being kept at the required level by 
means of a weir, practically forming a D trap. As the water rises 
in the tank from the discharge into it of atap of a drain, some of it 
eventually runs over the top of the inner tube, air is forced through 
the water and cannot return, siphon action is started, and the whole 
contents of the tank are emptied into the drain. 


SY9.— What are the conditions of water which affect the question of 
° the materiale of cisterns in houses?’ How te water in 
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howse cieterns likely to become polluted ? What preoqu- 
tion should be taken to guard against such pollutions ? 

It is generally considered tbat the conditions of water affecting 
the materials of which cisterns are constructed are :—1. Its softness 
or hardness. 2. Water containing nitrates, chlorides, and organic 
matter, having a tendency to dissolve lead, should not be stored in 
visterns lined with that material. 3. Water containing substances 
such as salts of nitric or nitrous acid, or large quantities of organic 
matter, dissolve portions of zinc, therefore it 1s advisable to avoid 
its use. 4. It should be remembered, however pure the water may 
be, if left in contact with new bright lead, the atmospheric influence 
is such as to cause oxidation, or, in other words, a coating of leaden 
rust, which dissolves in water, and may be the cause of lead 
poisoning. 

Water in house cisterns is polluted in various ways. Sometimes 
the cisterns are placed in out-of-the-way places and difficult of access 
for cleansing purposes. They are thus left, seldom or never cleaned 
out,causing the water to be contaminated from the uncleanly state of 
the cistern. T’bey are found without covers, and therefore open to 
all sources of contamination. They are often fixed without due regard 
to ventilation, thus any foul gases with which the air may be charged, 
are the more readily absorbed by the water. Vermin is occasion- 
ally found in cisterns not properly protected, and perhaps uot dis- 
covered ere the last stage of decomposition has set in, thus causing 
an examination of the cistern to discover the evil. 

Water in cisterns is also affected by the matenals used in the 
construction of same. To guard against such pollutions, slate cisterns 
are advisable, provided they ure properly constructed. Let the 
cistern be protected with a properly constructed ventilating cover, 
and placed in such a position that it may always be easily accessible 
for cleansing purposes. And lastly, cleanse the cistern at least 
twice a year. 

880.— What are the most common sowrces of water-contamination 
in house cisterns ? 
1. Sewer gases from the overflow-pipe passing down to closet 
or drain. 
2. Accumulations of dirt take place from neglect. 
3. Rats, mice, cats, etc., fall in and putrify. 
881.— How may the impurities of house-stored water be lessened to 
some extent ? 

By fitting on to the house cistern, some form of specially made 

filter ; so as torender the water ready for use on domestic delivery. 


882.— How is the water conducted to and from the reservoira 7 
In pipes. 
883.—Of what are the pipes constructed in both cases? 
The pipes are composed of iron, masonry, or earthenware, 
for the larger pipes or mains, the iron being sometimes tinned or 
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galvanised, or lined with concrete, or pitched, or covered with a 

vitreous glaze ; for the smaller pipes, iron, lead, tin, zinc, tinned 

copper, earthenware, gutta-percha, etc., are used. 

88B4.—NWVhat is the best material for water mains and all large 
pipes ? 

Cast-iron. ‘This is even the best material for small pipes, on the 


constant system on account of the high pressure which the pipes 
have to sustain. : 


885.— Wheat forms of aqueducts cre in use ? 
Open masonry channels, but chiefly cast-iron pipes. 
886. — How ure these pipes laid ? 


Two or three feet under the surface to protect them from frost. 
They are lined with pitch or some other material to prevent cor- 
rosive scouring. Valves and air vents are placed at intervals and at 
all bends or summits. 

The aqueduct may be an open channel, but it usually consists of 
iron pipes buried two or three fect in the ground as a protection 
against frost. ‘The pipe aqueduct may be lined with pitch or other 
anti-corrosive, and being water-tight, its course is not necessarily 
downward at all points. Means of access are provided at short 
intervals for cleansing purposes, and if its course is undulating, 
slnices are needed at the lowest points for scouring out debris and 
air vents at the summit. 


887.--- Wheat is the best material for mains ? 


Cast-iron; nothing else can stand the pressure in the constant 
rystem. 


888.— What is the best material for sub-nucins ” 
Cast-iron. 


889.--Of whut form of tron ure water mains made ? 


They are constructed of cast-iron, of a soft and tough quality. 
Great attention should be paid to moulding them correctly, so that 
the thickness may be exactly uniform all round. Each pipe should 
be tested for air-bubbles and flaws by ringing it with a hammer, 
and for strength by exposing it to double the intended greatest 
working pressure. : 

Cast-iron is at once comparatively cheap, durable, and in- 
nocuous ; the water may, however, be fouled by defective caulking; 
Spence’s metal employed by some companies is free from this objec- 
tion, since no oakum or other caulking is required, as it is with lead 
joints. Cement joints are also safe, but liable to leakage or absorp- 
tion of pollution from the soul. 

890.— What is the special objection ugusnet cast-(rou acne? | 


| hoy are subject to much rusting and corrosion, especially 
when the water is soft. 
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891.— By what rule may the strength be roughly eatimated ? 


By the rule that the thickness of a cast-iron pipe is to be less 
than a mean proportional between its internal diameter and 74 of an 


* 


892.—Give a more accurate means of estimating the atrength than 
this ? 


The limit of safety being 6 times the working pressure the thick- 
ness divided by the direction equals the greatest working pressure 
or a foot of water divided by 12,000. 

one fvot of water, 


Thicknéss—Greatest working pressure = Gag 


The capacity of pipes must be adopted to the greatest hourly 

demand. 
$93.— Hor" tz the size of the main service pipe regulated ? 

The size of the main service pipe from the water company’s 
main is usually fixed by the company. It must, however, vary with 
circumstances, such as distance, amount of storage, size of house, etc. 
Between the main and the first branch pipe a stop-cock should 
be fixed, so that im case of accident the water may be turned off 
entirely. Another stop-cock or valve is required by the London 
water companies to be fixed outside the house, for the use of their 
officers only. [It is also advisable in cases where there are several 
cisterns, and more especially where there is a constant service, to 
havea stop-cock fixed in connection with each ball valve. so that the 
water can be turned off from any one cistern without interfering 
with the others. In case of 8 cistern reqninng to be cleansed, this 
arrangement will be found of service. Joints in lead water-pipes 
should always be of the form known as a wi joint. This 
joint is formed by inserting the end of one pipe, the edge of which 
ee been previously rasped down, about } to } of an inch into the 
other. The joint 15 Men covered with molten solder until a sufficient, 
thickness is obtained, when it is wiped round with a special kind of 
cloth. This kind of joint is the most durable for ordinary purposes 
of plumbing; for pipes for conveying water it is, indeed, the only 
one permissible under most water companies’ regulations. | 

he thickness neceasary for an iron pipe to sustain a given pres- 
sure is found by the formula— 
thickness _t _ Pi 
diameter d 12000 
where P is pressure in feet of water, and / the factor of safety ts 
6 times the working pressure or 12,000, or in other words, the 
breaking load is six times the working load. 


94.—What should be the minimum thickness of cast-iron pipes ? 


The thickness of a cast-iron pipe should never be less than 
4 inch, they are usually in lengths of 9 feet, exclusive of the faucet. 
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895.— What is the length of pipe required for large towne f 
_ About a mile of pipes for every 2,000 or 3,000 inhabitants. 
896.— Does the cost of pipes increase uniformly with the quantity ? 
The cost of the pipes through which the water is conveyed does 

not increase uniformly with the quantity; but only as the 3 power 
of that quantity. Ifthe cost of conveying 100 gallons be A, the 
cost of gallons will be 22, A= 1°32 A and that of 300 gallons will 
be 33, A=1'55 A. That is if 100 gallons can be conveyed for £1 
three times that quantity can be conveyed for 1/4—and so on in the 
same proportion. The cost of conveying a determinate quantity of 
water through pipes decreases as the total quantity increases. 
There is always a great advantage in concentrating the quantity of 
water to be conveyed instead of dividing them among a number of 
smaller mains. 

897 .— How may we caleulate the discharge from weater-pipes ? 

By first finding the velocity of the discharge, which is, 
Head xdiam. of pipe 
length of pipe 

in feet,then taking the squareroot of the result, multiply this by 50 
the product being the velocity in feet per second. When the velo- 
city x the area of the pipe, in feet, is equal to the number of cubic 
feet discharged per second ; and this multiplied by 625 = number 
of gallons. [The area of the pipe is equal to the square of the diam- 
eter x ‘7854. | 


-898 —Give un example of this. a 


Head, ;32 feet. 
Diam. of pipe } foot. 
Length of pipe 100 feet. 
S2x3 "]t. 
100 
Square root of 16 = -4 and ‘4x 50 = 20, 
Velocity therefore is = 20 feet per second. 
Let the sectional area be = |th of a foot. 
Then 20x i = 4. 
Discharge therefore = + cubic feet ; 
and 4x 6°20 = 2o. 
That is 25 gallons per second ; this is in straight pipes. 
.890.—By whet other formula may we calculate the volume of water 
discharged from «a pipe % 
By the formula :— 
& 
39°27 MS == V in cubic feet per second. 


Where b = head of pressure, 
= diameter of pipe. 
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BOU.— Give an ewample of the working of this formula ? ‘ 
The diameter of a pipe is 1 foot, the head of the flow 9, and the 
length of the pipe 9,000 feet ; what is the volume of discharge P 


‘30-87 x ey 9x 139-07 x «/ 001=1°242 cubic feet. 


901 .— Calculate diameter of a pipe necessary to convey water to a 
; town of 2,000 inkabttants from a reservoir 5 miles distant, 
A with a head of water of 50 feet. 
With 30 gallons per head 60,000 gallons are needed every 
24 hours or 42 gallons a minute. 
One of the formule given for this is :-— 


784 H= ~794x50 = 1180 
=. 
d = 4 inches (approximately) which is the diameter of 
the pipe required.t 
902.— Where are cast-iron pipes particularly anited ? 
For conveying small quantities of water from great heights. 


903.— By what formula may we calculate the required thickness of 
a pipe ? 

Multiply the pressure in pounds per square inch by the diameter 
of the pipe in inches, and divide the product by twice the tensile 
resistance of a square inch of the material of which the pipe is 
constructed. 

When water is brought into atown from a considerable dis- 
tance, whatever be the sources, the conduit or channel in which it 
is conducted, has to be of a certain discharging capacity, which is 
reduced to a minimum if it be made according to the average 
demand, the conduit being of course in constant operation. But it 
must be remembered that the water is not consumed in the town 
at a uniform and constant rate. Tn most cases the draught upon 
the mains from 8 o’clock in the morning until noon is from two to 
two and half times the average consumption. 


904.— What should be the dimension of the main conduits in towns ? 

As the greatest hourly demand for water is about double the 

average hourly demand, the main conduits supplying a town must 

have double the discharging capacity which would be required if 
¢bhe hourly demand were uniform. 

905.— How might the difficulty of great demand at porticular 

times be met apart from useing large-sized mains ? 
The additional expense in piping which would be thus entailed 
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©The fifth root may be found by logarithma, and with reference to this 
queetion, divide logarithm 1188 by 5 and re-convert: 
4¥For definition of d, G, L, and H, see No. 910. 
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is sometimes so great, that distributing basins or town reservoirs 
are instructed to supply certain districts. 


906.—Are mathematical calculations as to thickness of pipe res 
quired absolutely correct ? 


Not quite; for in calculating the requisite thickness of a cast- 
iron pipe under given conditions, it must be borne in mind that, 
whatever care is taken, it is impossible to keep the core always 
perfectly central, and that therefore a pipe will have an excess of 
metal on one side, and 8 corresponding defect on the other. And as 
the strength of a pipe depends upon its weakest part, due allowance 
must be made for this defect. When all the imperfections to which 
& cast-iron pipe is liable are taken into consideration, it will be seen 
that, to obtain perfect security from accident, the factor of safety 
must be taken ees Many engineers take it at six, others at ten, 
the latter we think the most prudent course. The passage of heavy 
traffic along the roads, and the turning off of cocks frequently 
bring a sudden strain upon a pipe, which the nature of its material 
is il]l-adapted to bear. Tt is a common practice for Engineers to 
calculate the weight of a pipe of the requisite thickness and to 
specify the weight rather than the thickness, leaving the founder to 
fix that for himself, which long practice enables him to do with con- 
siderahle precision. Absolute correctness. of course, cannot be ob- 
tained, and a margin of 1 Ib. to an inch either way is usually 
allowed. 


907.- How may the weight of a cast-tron pipe be found ? 


The weight of a cast-iron pipe may be found by multiplyin 
the cnbical contents in inches by ‘26 lbs. the weight of acubic inc 
of cast-iron, or the weight of a yard may be determined by the 
following formula :— 


W=7 85 (D?—d?*), in which D represents the outside, and d 
the inside diameter in inches. The weight of two flanges is equal 


toabont 1 foot of pipe, the faucet adds from), to 1, of the weight 


of the pipe. ‘The usual length of a cast-iron pipe, exclusive of the 
faucet, is 9 fect. Suppose now 10 in. pipes are required, capable of 
bearing safely n pressure of 400 feet of water. We have shown that 
in this case the requisite thickness is $ in. ‘The outer diameter will 
therefore be 11} in. Hence the weight of the whole pipes will be 


w-On VY Ie-e 
3x 7°35 (12858—100) x FEP2X2EN° — G04 Ibs, taking the weight 


of the fancet as a that of the pipe. The weight specified tothe 


founder will thus be 5 cwt., 2 qrs.. 8 lbs. And allowing a margin of 
1 Ib. to the inch of diameter, the pipe delivered may be anything 
between 5 cwt., 1 qr., 26 lbs., and 5 cwt., 2 qrs., 18 Iba. 
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908.— What should be the size of the branch pipes ? 
The ratio of the diameters of branch pipes varies an the fifth 
root of the volume squared. 
909.—In large towns what should be the total length of the distrt- 
buting pipes ? 
Approximately, distributing pipes may be taken at 1 mile per 
3,000 persons. 
910.— What should be the maximum velocity of water in a pipe 
or nain ? 
Three feet per second. 
911 .— How may we calculate the delivery of water through pipes ?* 
By the following two formule :— 


1) Gas, / oF 


L 
3 
(2) Hans, = head in feet to overcome friction. 
Where, d = diam. in inches. 
G = sup iy in gallons per minute. 
HK = total ead above point of discharge in fret (or fall 
in a given length, L). 
L = length in feet (or distance from source to delivery). 
For example, calculate the diameter of a pipe necessary to 
convey water to a town with a population of 2,000 from # reservoir 
five miles (26,400 feet) distant, with a head of water of 50 fect. 
Allowing 30 gallons per head, 60,000 gallons are required for 24 
hours, or 42 gallons per minute 
From formula (2), 
_G*x L  1764=26400 
— 784H ~ 784x 50 
2d 4/1188. 
The fifth root may be found by logarithms (divide log. 118895 and 
re-convert;; fifth roots are also given in Molesworth’s and other 
Engineering tables d = 4 inches (about) = diam. of pipe required.f 


912.—Are hydraulic formule accurate ? 
For all practical purposes they are approximately so, but as they 
are the result of mere experiment they vary within wide limits. 
913.— What is the resistance which a 12-inch pipe offers? 


_ The resistance which a pipe offers to the internal pressure tend- 
ing to burst it, is equal to the cohesive strength of its two sides, and 
the effective area of that pressure is the internal diameter of the 
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= supply in gallons per minute. 
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* Cambridge University Sanitary Scienee Paper, 1887. 
¢ D. 8. Davies, u.8.0.P.8., Camb., in the Medical Annual, 1890, 


CHAP. VII. | PUBLIC WATER-WORKS, 217 


pipe. If the tensile atrength of cast-iron is taken ag 15,000 lbs. to 
he square inch, the thickness of a pipe to be subjectedto water 
pressure will be given by the formula. 


914.— What is the effect of friction in pipes ? 
The effect of “friction” is = “loss of head”; the flow is 


retarded and the water will not spout up to the same height as at 
the source ; the effect of friction is greater the smaller the pipe. 


915.— What effect have bends and curves in pipes ? 


Bends and c urves likewise retard the flow. In an angle of 
40° the “loss of head” is equal to }th of the original head; at an 
angle of 60° it is = one-third and at an angle of 90° it is almost = the 
original head. 


916.—How do curves affect the flow in pipes? 


‘Curves ”’ retard the flow very much. In an angle of 40° aloss 
-of head is = }th of the original head. 
An angle of 60° it is = one third. 
An angle of 90° it is almost = the original head. 


917.— What is the result of this ” 


That in such cases the water will not rise so high as the origi- 
nal head, if it can get out before; but still. if conducted in a pipe, 
it will rise to the original height. 


918.—Of what else may pipes be constructed ” 


Pipes of artificial atone are now made. Iron is the best material 
forthe larger pipes, and iron or non-metallic substances for the 
smaller pipes. 


Cast and wrought-iron pipes can be used, and Mr. Rawlinson now 
orders no others. The iron can be glazed internally. Iron pipes 
coated inside with Angus Smith’s bituminous varnish are now used 
& good deal, but the tarry taste lingers in the water a long time. 
Copper-tinned and block-tin are also employed, and both are excel- 
lent, but are rather expensive. In some cases the tin is eaten 
through, but this is not common, except with well-waters contain- 
ing nitrates. 

The iron can be glazed internally. Copper-tinned and block- 
tin are also employed, and both are cexcelleyt, buat are rather 
expensive. In some cares the tin is eaten through, but this is not 
common. 


919.— What is reguired in summer months as regards the streets of 
moat larger towns ? 


It is necessary during the summer months to distribute water 
over the streets in order to mitigate the inconvenionce arising from 
clouds of dust ; to cool the atmosphere, and to assist in flushing the 

ins, Hydrants, which can be also used to communicate with 
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fire-hose or stand-posts, are therefore attached at certain intervals 
to the mains ; and in estimating the quantity of water eeanites in 
any particular town, the quantity required for fires and street- 
watering must be taken into account. 


920.—In arranging a main pipe from pumps, what should be the- 
sectional capacity of the pipes ? 
Sufficient to allow of the velocity in the main pipe not exceeding 
3 feet a second, as friction increases in proportion to the velocity, as 
is shown by the law governing the delivery of water from pipes 
under pressure. 


921.—Whatprecautions should be adopted ag regards covered 
reservoirs and tanks, and supply-pipes ? 


Covered reservoirs and tanks should be ventilated, and all 
supply-pipes arranged in such manner as to allow of easy inspection 
and subsequent repairs. Stop taps should be placed between the 
main and the building in all cases, so as to allow of isolation of any 
line of service pipe for repairs. House service tanks service pipes 
ought to be fixed so that the rooms cannot be flooded in case of 
leakage or overflow, and ready means of access to all tanks and cis- 
terns must he provided to allow of inspection, cleansing, or repairs. 
Up-bends should not be formed on lines of main pipes or on service 
pre If up-bends are inevitable. air valves have to be provided to 
et out the air at the up-bends. Bends at right angles on pipes are 
to be avoided, and the pipe bronght round in a curve instead. 


922.—Whatis the best form of covered conduit with uniform flow of 
water ? 


Circular. 
923.— What are the cerential requirements as to the conatruction 
of iron pipe ? 
Uniformity of thickness, freedom from flaws and air-bubbles. 
924.-— What should be the position of street mains ” 


In wide streets, or where the trafic is extensive. there should 
be a service pipe on both sides, so as to make the house pipes 
short, and to render the service pipes accessible without interfering 
with the traffic. 


928.— Horr far does the pevadiane of phosphorua in iron affect the 


properties of the tron ? 


The presence of phosphorus in the iron renders it brittle, and 
very liable to fracture; thi quality is technically known as cold 
short. Cold short iron should never be used for pipes. The pre- 
sence of arsenic, on the contrary, is said to improve the quality of 
iron. It is perhaps scarcely necessary to state that castings for 

ipes must be kept free of scoria and air-bubbles. The presence of 


latter may often be detected by sounding the pipe in every part 
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with a hammer. Whenever an air-bubble is detected, or even of its 

sence is suspected, the pipe should be thrown aside as dangerous 
af it is subjected to considerable pressure. ‘T'o prevent air-bubbles 
remaining in the metal, pipes are often cast with a head, that is, 
with a massof metal above that requisite for the pipe itself. This 
head compresses the mass below, and receives the air-bubbles which 
‘ascend into it. When the casting has cooled, the head is cut off. 
Pipes produced in this manner are stronger and much more trust- 
worthy than those cast without a head. 


926.— What ts the usual means of constructing long mats ? 


_ Along main is usually composed of pipes of different sizes, and 
in computing the discharge of such mains, the head for each must 
be separately calculated, and the total sum taken. Suppose for 
example, we have a main consisting of 500 yards of 8 inches, 200 
yards of 7 inches, and 100 yards of 6inches pipes, through which it 
apiiec eikel to discharge 200 gallons a minute For the friction of the 
8 inches pipe we require a head of 2°50 feet, for that of the 7 inches a 
head of 1:96 ft., and for that of the 6 inches a head of 2:10 ft. The 
total head requisite for the whole main is 2°504+1:964+2'10 = 6:56 ft. 
To this must be added the head due to the velocity of entry, and 
if there are bends, that due to changes of direction. 


927 .— What are the causes of waterflorw in pipes ? 


The head due to friction and to the resistance offered by bends 
and the head due tothe velocity of entry. In long mains, this quan- 
tity is so small a proportion of that due to friction that it may be 
neglected without sensible error; but in short pipes, it may be 
much greater than the head due to friction, and therefore, in such 
cases, it cannot, of course, be neglected. 


928 - What resistance do the walla of ivon pipes offer to the 
passage of a water ? 


In every system of town water-supply or drainage, the friction of 
the water in the long succession of pipes through which it is conveyed, 
causes a considerable diminution in the quantity discharged under a 
given head of pressure, and the extent of this diminution, or. as it 1s 
usually termed, the loss of head, must be ascertained before the 
diameter of the pipe requisite to convey a certain volume of water 
can be determined. It has been found by experiment that this 
friction depends on the velocity of the water and the diameter of 
the pipe, and that it increases very rapidly with the velocity. 


929.—In what way may water be polluted in the mains? 


Pollution would occur either through defective jomts in the 
mains themselves, or by the open ends of the house service pipes 
which they supply. It would happen from either cause at such 
times as the mains are partially empty, as, for instance, when, under 
the intermittent system of supply, the water has been “turned off,” 
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and the draught of water from the lower part of a main has created 
® partial vacuum at the upper end. At such times sewage escaped 
from the sewers, and coal gas from leaky gas pipes, have been drawn 
through bad joints in the mains, and filth trom privy pans, and even 
blood from slaughter-houses, besides foul air from various sources, 
have been sucked in by the service pipes. 


930.— What precautions are necessary to prevent such pollution 7 


The adoption of the system of ‘‘ constant service” (carried out in 
its integrity) both diminishes risk and renders the detection of 

ible sources of pollution more easy. By waste-water meters 
and other appliances, defects in the mains can be localized and 
amended; the disconnection of wgter-closet from house service by 
“ service boxes ” for the prevention of waste, the stronger pipes and 
better fittings rendered necessary, all tend to diminish risk of 
pollution. 

Water may be fouled in the ‘‘ dead ends” of mains little used 
by the constant deposition of iron rust and suspended impurities. 
But ina well-devised system the pipes will be so laid as to main- 
tain a constant circulation throughout the system or section of a 
eae and any “dead ends” unavoidably retained, frequently 

ushed. 


931.—Jn an open channel, what is the loss of head of the arater ? 


In an open channel the loss of head is the actual fall of the sur- 
face of the water. 


932..- Where is in-suction likely to arise ? 


Buchanan has shown that there is danger of in-suction if a 
perforation exists in a descending pipe, and especially at a point 
of constriction, even if the pipe is constantly fall. 


933.—Js there any other risk to a public water-eupply / 


Yes, that of the direct connection of water-mains with closet- 
pans. In Warwick and Rugby, Dr. ve oe found that nearly 
one-fourth of the closets were flushed directly from the main by 
means of stool-cocks, and on his recommendation the whole of 
them were disconnected. As a consequence of this precautionary 
measure, although the water-supply was made intermittent in 
Warwick during three months of last year owing to continued 
drought, the town continued entirely free from euteric fever, nor 
was there any excess of diarrhcsa. 


934.— What is the construction of the filtering block of “ silicated 
carbon”? 

The filtering block of the Silicated Carbon Company consiats 
of 75 per cent. of charcoal and 22 of silica, with a little iron oxide 
and alumina. It is cemented into a vessel which it divides into two 
chambers, the one containing the filtered and the other the unfil+ 
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tered water. This filter is found to work very efficiently, and with 
a little care retains its properties for a long time. The filtering 
material of the magnetic carbide filter is prepared by heating 
hematite with sawdust, and has all along been highly commended. 


935.—-What are distributing conduits and mains and how are they 
conatructed ? 


Distributing conduits and mains convey the water to all parts 
of the district, and pass beneath the streets. They are similar in 
construction to the main aqueducts, and have “ scouring valves” at 
all dead ends in order to wash out sediment. They should be kept 
as far as possible from the sewers and gas mains. Hydrants are 
provided at short intervals for use in case of fire. 


936.—What yualities of earthenware pipes are in use ? 


They are of various qualities as to texture, from a porous ma- 
terial like that of red bricks, to a hard and compact materia], which 
is glazed to make it water-tight. They are made of various diam- 
eters from 2 inches to nearly 3 feet, and in lengths of from 1 foot to 
® feet. The harder kinds have considerable tenacity, and are caps- 
ble of bearing the dead pressure of a high column of water; but 
they are so easily broken by sharp blows and sudden shocks that it 
is not advisable to expose them to high pressures in situations where 
their bursting might cause damage or inconvenience. Hence their 
chief use is as small covered conduite for purposes of drainage. 
Their joints are most commonly of the spigot and faucet form, being 
made water-tight, if necessary, with cement, or with a butuminous 
mastic. Another form, very useful to facilitate laying and lifting, 
is the thimble-joint The lengths of pipe are plain hollow cylinders. 
and the thimble is a ring embracing and loosely fitting the adjoin- 
ing ends of a pair of lengths. Sometimes the thimble is in two 
semi-circular halves; and sometimes each pipe has on one end 
a half-taucet, which is laid downwards; the end of the adjoining pipe 
rests in the half-faucet, and the joint is completed by a half-thim- 
ble above. Curved and acute-angled junction-pieces are made; so 


also are right-angled junction-pieces ; but these last should never 
be used. 


937.--What is Dr. Buchanan's opinion in regard to tn-currenis in 


anne id 


He stated : “1 find (1) the lateral in-current ‘is freely produced 
when the water-pipe is descending, and when the pipe beyond the 
bole is unobstructed; (2) if the force of water-flow in a descendin 

pipe be moderate, a moderate degree of obstruction beyond the hole 
does not prevent the in-current; (8) in horizontal pipes of uniform 
calibre, when the flow is strong, or the pipe beyond the hole is 
long, or when the end of the pipe is at all turned upwards, the in- 
current does not take place; but (3) momentary interference with flow 
a tergo, or momentary reduction of obstruction a fronte, allows of a 
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momentary in-current through the hole; (5) in-current through 4 
lateral hale takes place with incomparably greater ease when the 
hole is made at a point of constriction of the water-pipe.” 


938.—Is the constant service free from the possibility of in- 
currents ? 


Even with a constant supply there appear to be certain dan- 
gers depending upon possible in-currents from leaky mains, espe- 
cially when these are in juxtaposition to sewers or drains which 
have hitherto escaped the notice of engineers. 


939.—Should pipes be tested before being used ¢ 


All pipes before being used should be tested by hydraulic 
ressure up to three or four times the head they will have to bear. 
They should also be carefully rung all over the surface with a ham- 
mer to detect the presence of air-bubbles. As to appearance, they 
should show on the outer surface a smooth, clear and continuous 
akin, When broken, the surface of fracture should be of a light 
bluish-grey colour and close-grained texture, and both colour and 
texture should be uniform. It may be remarked, however, that the 
colour will be somewhat lighter, and the grain closer near the skin, 
in consequence of the chilling which takes place there in casting. 
The iron should be soft enough to be slightly indented by a blow of 
a hammer on the edge. 


940.—IWhat are the chief points in gonnection with mains ? 


That the material of which they are composed should not defile 
uhe water, that they are of sufficient strength and size, and that 
they are water-tight. 

941.--In the constant system, what bit of apparatus should be 
hetween the main and the house pipe ° 


A “ screw-down tap ” of good make to be placed at the entrance 
of the pipe into the house. The tap should be in the care of the 
occupier so that he might turn off the water in case the pipe burats, 
or empty it during frost. 

942.—Describe the necessary condition of the dist: ilnting conduits 
and other convmunications 7 


The distributing conduits consist of cast-iron pipes, and are 
coated, likethe aqueduct pipes, with pitch, or Dr. Angus Smith's 
varnish, to preserve them from corrosion. ‘The same detaila with 
regard to sluice-cocks and stop-cocks are observed in the different 
bends of the tracks, with this addition, that the dead ends or termi- 
nations of the branch and main conduits are supplied with scour- 
ing valves, through which stones and sediment can be washed. 
In wide streets, or in streets with much traffic, there is generally a 
service pipe for each side, in order that the house pipes may be, 
8s short as possible, and may be accessible without disturbing the 
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trafic. The house service pipes are usually made of lead, and 
though they are liable to be acted-upon by some waters, the readi- 
ness with which they can be an to all the bends and curves 
rendered necessary in carrying the piping to different floors of 
houses, gives them a preference to all other kinds of metal pipes, 
The waters which act most on lead are the most highly oxy- 
genated, and those which contain aro matter; those which 
act least on it contain carbonic acid, calcium carbonate, and calcium 
hosphate. Polluted shallow well-waters are especially dangerous 
in this al ae because they act on it violently and continuously, 
and hence leaden pump-pipes should never be used. Various means 
have been proposed to protect the lead from corrosion, such as coat- 
ing with bituminous pitch or with coal tar; but when the quality 
of the water renders Jead pipes objctionable, cast and wrought- 
iron pipes make the best substitutes, or composite cylinder pipes 
may be used. These pipes consist of a separate tube of pure 
block-tin encased in Jead, and the union of the two is so perfect that 
po amount of torsion will separate them. 
943.— Doves coating the interior with tin protect these pipes, and 
overcome the diffier:iy of rusting ¢ 
It does not; washing the iterior with tin is not successful, since 
the thin layer of tin gives at every bend, and the galvanic action 
set up by the two metals liastens their solution. 


944.- May the same be oaid of block-tin pipes ? 


No, block-tin pij«s cased in lead (Haines’ patent), and those 
made by Messrs. Waiker, Parker & Co., on the contrary, resist any 
amount of torsion, and are a perfect success; care must, however, 
be taken in junction thatno part of the lead be exposed to the contact 
of the water. Professor Emerson Reynolds states that an alloy of 
lead with 3 per cent. of tin is not attacked by water, and is used 
with good results in Dublin and Glasgow. According to Dr. Parkes, 
zinc pipes, into the composition of which lead enters largely, are 
rapidly dissolved; and lead pipes if used should not be bent against 
the grain so as to expose the structure of the metal. 


945.— What ws the office of distributing conduits and mains ? 


They convey the water to all parts of the district, and pass 
beneath the streets. ‘They are similar in construction to the main 
aqueducts, and have ‘scouring valves "’ at all dead ends in order to 
wash out sediment. They should be kept as far as possible from 
sewers and gas mains. Hydrants are provided at short intervals 
for use in case of fire. 

946.— Should there be any openings in water mains ? 

Yes; (a) scouring valves in valleys, to get rid of any sedi- 
mentary matter ; (b) taps about every half mile to permit of repaira ; 
(c) valve cocks at the summits of hills and eminences, to give exit 
to any air that might collect. eS oe 
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is less. Each pipe leaving the cistern, where there is one, or supply- 
ing any separate system of taps, should be fitted with one of the 
latter kind, that the entire water supply may not be cut off when 
any part is undergoing repairs. 


1051.— What is Eytelwein’s formula ? 
=4. 71 ./D* H 
7 
D=0. 538 iL W* 
H 


Where D=diameter of pipe in inches 
H=head of water in feet 
L=length of pipe in feet 
W=cubrc feet of water discharged per minute, 


1052.—How may this formula be stated as a problem ? 


As follows:—If water with a head of H feet flows through L 
feet of pipe of D inches in diameter, what would be the discharge 
W in cubic feet per minute P 


1053.— What is the use of Eytelwein’s formula ? 
To calculate the size of pipes and delivery of water through pipes. 
1054.— Why is air in water pipes objectionable ? 


(a) Because even a small quantity of air is able to stop the flow 
of water unless there is great pressure in the pipes, and (6) the air 
might be conveyed to the house-pipes, where this is far more likely 
to occur. 


1055.—JIn general termswhat should be the relation of the water 
pipes to the gus and sewer pipes ? 


They should be as far as possible from gas and sewer pipes; for 
leaky mains frequently have great suction power, especially where 
the supply is on the intermittent system and with such suction 
there is great danger to the absorption of sewer gasesaud gas itself. 


1056.— Why should water pipes be placed deeper than gas-pipes ? 


Because gases tend to ascend: should any leak occur in the 
gas-pipes the water would be outofdanger. [The same may be said 
with regard to sewer gases. Gas and water pipes should not be 
laid in the same trench, or alongside any drain-pipe, because these 
small pipes have frequently to be laid bare, and this might endanger 
the soundness of the drain. ] 


1057,— What other arrangements besides those for domestic supply 
are provided on the service pipes 7 


In addition to the arrangements for domestic supply, outlets or 
hydrants with valve-cocks are provided on the service pipes of all 
large towns, at regular intervals, in case of fire, and for supplying 
water to flush the gutters and water the streets. 
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eee does the system of perfect clarification of water in- 
clude } 


Three divisions, viz.: the settling basin, the filter-bed, and 
the clear-water basin. 


1059.— What should be the capacity of filter-beds ? 


Experience indicates that the flow through a filter-bed should 
not exceed the rate of 17 feet lineal per diem, or be reduced by 
silting of the sand layer to less than 6°5 feet per diem. It must 
not be so rapid as to reach the sand grains or clay particles or the 
intercepted fibres through the bed, or its whole purpose will be 
entirely defeated. 


A rate of about one-half inch per hour, or twelve lineal feet 
per diem, when the filter is tolerably clean, is generally considered 
the best. This gives the filter-bed a capacity of twelve cubic feet, 
or 89°76 gallons per square foot of surface per twenty-four hours, 
and requires, in work, about 12,000 square feet of filtering surface 
for each millon gallons of water to be filtered per diem. 


1060.— How often should the filter beds be cleaned ? 


The filter-beds uper the English streams require cleaning about. 
once a week, when the rivers are in their most turbid condition, 
and ordinarily once in three or four weeks. 


1061.— How is the cleaning process carried out ? 


The process of cleaning consists of removing a slice of about 
one-half inch thickness from the surface of the fine sand layer, and 
the stirring or loosening up of the sand that is packed hard by the 
weight of the water, when the clogging of the filter prevents or 
hinders greatly its low. This requires the water to be drawn off 
from the bed to be cleaned, and of course, puts the portion of filter 
area being cleaned out of service. According tothe usual practice, 
the water is drawn down only about a foot below the sand surface 
for the cleaning; but there is a great advantage, though an incon- 
venience, in drawing the water entirely out of the bed, for this 
admits the air to oxidize the organic matters that are drawn into 
the filter, which is of great importance. 


To provide for cleaning, the required area for service should be 
divided into two or more dependent beds, and then one additional 
bed should be provided also, so that there shall always be one bed 
surplus that may be put out of use for cleaning. 


1062.—How is water filtered on a large scale for town supply ? 
State under what circumstances such filtration is likely to 

purify the water sufficiently for health. « 
Water for the supplyof large towns, is filtered by passing 
through mechanical filters constructed somewhat as follows:— 
‘The water is sometimes first passed through a subsiding tank 
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where the solids are allowed to settle, is then discharged into 
a filtering reservoir. The bottom layer of the filtering medium con- 
sists of clean gravel (gauged to about the size of a walnut) from 
1 foot to 1 foot 8 inches deep; the second layer gravel broken toa 
gauge of the size of horse beans, about 6 inches deep ; the third 
layer gravel broken to a gauge the size of peas, same depth as be- 
fore, and fourthly a layer of gravel, 6 inches deep, size of buckshot. 
This is topped with from 2 feet to 3 feet of clean sand, and upon 
this surface the water is distributed, whence it percolates through 
the sand and gravel into brick-collecting drains and thence into 
the pure water reservoir or pump wells. To efficiently filter the 
water it should not be allowed to pass the filter quicker than at 
the rate of about fifty gallons per superficial foot of area of sand 
surface in twenty-four hours, and require frequent cleansing, 
which is done by removing a small quantity of the top layer of 
sand, which is thoroughly washed and again used after exposure 
to atmospheric influences. It should be remembered that the fil- 
tering medium must always be thoroughly clean to allow of efficient 
action. Water, either river or well, passed through such a filter as 
above described, should be equal to that supplied to the metropolis 
of London, which has to pass the test required by Act of Parlia- 
ment and the examination by the Government Water Examiner. 


1063.—What should be the thickness of stones, and what materials 
are placed above or superficial to it ? 


This layer of broken stone must be 24 inches thick to cover 
efficiently the pipe drains. Upon this layer of stone properly level- 
led off, from 18 to 24 inches of gravel is laid. This gravel is usu- 
ally screened into two or three sizes, the larger of walnut size, the 
next of the size of a hazel nut, and the third between that and pea 
size. The largest size lies upon the broken stone, the smallest 
size at the top, the layers 6 inches thick each. Over this gravel 
there is laid not less than 30 inches of fine sharp sand, screened to 
ensure the requisite degree of fineness and uniformity. The lower 
12 inches may be a little coarser than the upper stratum of 
18 inches, but it is important that the two layers should be of uniform 
fineness and quality throughout, otherwise there will be danger of 
the water passing through more rapidly at one point than another. 


The whole depth of these materials amount to five feet eight 
inches. 


1064.—Discuss the question of the quality of sand used in public 
water-supply filters. 


_A uniform sized grain of sand or gravel offers greater perco- 
lating facilities than mixed coarse and fine grains. The propor- 
tion of interstices in uniform grains is from thirty to thirty-three 
‘per cent. of the bulk, and the larger the grains the larger the in- 

retices and the more free the flow. On the other hand, the 
smaller the grains, or the more the admixture of smaller with : 
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Soe grains, the smaller the interstices, and the less the 
flow, but the more thorough the clarification and the sooner the 
pores are silted with sediment. If there is much fine material mixed 
with the gravel, water will percolate very slowly, and a larger pro- 
portional infiltration area will be required to deliver a given volume 
of water. Provision is made for the flowing on of the water so as 
not to disturb the fine sand surface. This inflow duct is often 
arranged in the form of a tight channel on the top of the covering 
of the central gathering drain, and the water flows over its side 
walls, during the filling of the basin, to right and left, with slow 
motion. ‘The depth of water maintained upon the filter-bed in four 
feet or more, according to exposure and climatic effects upon it. 


1065.—Whai are the settling and clean-water basins ? 


When the water is received from a river subject to the roil 
of floods, it should be received first into a settling basin, where it 
will be at rest forty-eight hours or more, so that as much as possible 
of the sediment may be separated by the gravity process, before 
alluded to. Its rest in large storage basins prepares it very fully 
for introduction to the filter-bed, which is to complete the sepa- 
ration of the microscopic plants, vegetable fibres, and animate organ- 
isms, that cannot be separated by precipitation. [Since the demestic 
consumption of the water at some hours of the day is nearly or quite 
double the average consumption per diem, the clarified water basin 
should be large enough to supply the irregular draught and permit 
the flow through the filter to Ms uniform. } 


1086.— When should the entire sand surface be renewed ? 


When the repeated parings from the surface have reduced the 
top fine-sand layer to about twelve inches thickness, a new coat 
should be put on restoring it to its original thickness. If good fine 
sand is difficult of procurement, the parings may perhaps be wash- 
ed for replacing with economical result. ‘This is sometimes accom- 
plished by letting water flow over the sand in an inclined trough of 
plank, having cleats across it to intercept the sand, or by letting 
water flow up through it in a wood oriron tank. In the latter 
case water is admitted under pressure through the bottom of the 
tank, and the sand rests upon a grating covered with a fine wire 
cloth, placed a short distance above the bottom of the tank. The 
current is allowed to flow up through the sand and over the top of 
the tank until it runs clear. 


1067 .— What should be the maximum apeed of vertical descent ? 
Not much above 6 inches per hour. 


 1068.— What is a water meter 7 


It is a contrivance for measuring or registering the supply of 
water passing through a pipe or channel. 


* 
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1069.— What ie a waiter module ? 


An agent for regulating the supply of water passing into a chan- 
nel or into a pipe, which makes 1t practically constant, although 
both the amount of water, and the pressure ix the main canal, Main 
pipe, or reservoirs, supplying the branch pipe may be variable. 


1070.— Describe the forms of water meters. 


There are two kinds of water meters, the positive and the in- 
ferential. Kennedy’s and Frost’s piston meters are examples of the 
positive kind. A piston works in a cylinder and is successively 
filled from the top and the bottom, and the number of strokes auto- 
matically recorded. The capacity and the piston being known, the 
result is so many measures of water. 

The inferential meter is a turbine, an example of which is that 
known as Soimens; the flowing water causes a turbine to revolve, 
and from the velocity of current as measured by the revolutions of 
the turbine, the quantity of the water is “inferred.” 


1071.—Jn order to prevent undue waste what apparatus are neces- 
sary ? 

Water-meters are sometimes applied to the service-pipe sup- 
plying a group of houses to prevent excessive waste, and the land- 
lord charged for the amount used; but as this plan induces the 
Jandlord to enforce a too rigid economy, it is now\to be commended. 
The best water-meters are capable of registering exactly all amounts 
exceeding a flow of one gallon per hour; but-when the water con- 
tains a considerable amount of undissolved impurities, and is badly 
filtered, they very soon become clogged up and fail to register any- 
thing like the quantity of water which may pass through them. 


1072.— What apparatus are used for the purpose of measuring 
waste ? Who invented it and how 18 it employed practically ? 


A meter for this purpose is called a waste water-meter, has 
recently been invented and patented by Mr. G. F. Deacon, C.E., the 
Borough and the Water Engineer of Liverpool, and tried at that town 
-with considerable success. Itis of the inferential class, and differs 
from ordinary meters in this—that it registers on a sheet of paper 
the variations in the flow of water at different hours of the day, and 
also the time at which those variations take place. These papers 
may be preserved for future reference and comparison. The meter 
consists of a vertical, hollow, truncated brass-lined cone, having 
within it a horizontal disc of the same diameter as the upper 
and smaller end of thecone. From the upper surface of this disc 
projects a rigid stalk suspended from a fine German silver wire, 
which passes througha hole inthe hollow boss to a chamber 
above, where it is connected with a guided cross-head carrying 
a pencil or tracer, and suspended from a hand passing over a pulle 
supporting on the other side of the: pulley a weight whic 
always tends to draw the disc up to the top of the cone. The 
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vertical motions of the tracer are recorded on a paper wrapped 
round the drum driven by clockwork. The difficulties attending 
the use of small stuffing boxes are removed by using a simple 
brass bush with a hole in it fitting the wire closely and the small 
quantity of water which passes between the wire and the sides of the 
whole rises in the hollow boss and passes away by the drain pipe. 
There is a brass diaphragm with perforations for equalising the flow 
of water, and a hinged and padlocked cover of the clock chamber, 
having a watertight India rubber joint; there is a second cover 
carried by a frame in the footway. The drum with its paper is 
easily lifted from the footstep after the hinged bearing has been 
raised. 


If now the instrument be fixed on the line of a water main, and 
all the outlets closed, the weight will have raised the disc tothe 
top of the cone, or zero point, and on a tap being opened beyond 
the outlet of the meter water will seek to pass through, and press- 
ing upon the disc, drive it down to a larger part of the cone. The 
descent of the disc will cease when, by reason of the increased area 
of annular space between the disc and cone, the pressure on its 
upper surface is relieved and the excess of that pressure over pres- 
sure on the lower surface is exactly balanced by the excess of the 
weight g above the weight of the disc weighed in water, and the 
cross head weighedin air. This point at which the disc stops will be 
constant so long as the rate of How is constant, and the rate of 
flow having been once ascertained by direct measurement will be 
measured in future by the tracer standing at the same point. 


The clock chamber is perfectly freefrom any dampness arising 
from the water in the mains, but mm order to ensure firmness of the 
paper diagrams itis desirable in damp weather to place within the 
chamber a small saucer containing sulphide of calcium, which 
absorbs any moisture after the lid is closed. Although not absolutely 
necessary, it is nevertheless most desirable for the efficient carrying 
out of the system, as well as for the proper control of the supply 
to each block of premises in case of accident, that there should be 
stopcocks on the communication pipes between the service main 
and each house, or groups of houses, under the control of the in- 
spector without entering the premises. 

When a meter is used for detecting waste in any district, it is 
fixed tothe supply main at or near the point where it enters the 
district, and the number and probable requirements of the people 
to be supplied are ascertained. The meter is then read at intervals, 
and the time between the readings noted. The quantity passed 
between any two of the readings is thus known, and from the data 
then collected it may be easily calculated if an undue amount of 
waste is taking place. In Deacon’s automatic water register all 
the water above the line is used, that below goés to waste. Hourly 
inspection enables the supervising authorities to localise points of 
waste. 
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1073.— Discuss the question of waste in water-supplies. 


In all large towns supplied by public water-works, there ia a 
very large amount of water actually wasted. The Chicago Board of 
Public Works, in their report of March 31st, 1875, estimate that 
‘ gne-half of the water now pumped is wasted,” and in the St. Louis 
Report for 1876 a calculation is made by the Engineer, Col. Henry 
Flad, from which it appears that the prospective cost to the city for 
a period of ten years, on account of waste, is over four million dollars. 


A case is recorded as having occurred at Torquay, where a 
main about 14 miles long, composed of 14,267 yards of 10 inches, 
10,085 yards of 9 inches, and 170 yards of 8 inches pipes, delivered 
only 317 gallons a minute with 465 feet head. An ingenious scraper, 
worked by the pressure of the water, was passed several times 
through the pipes, the result being a discharge of 634 gallons. 


1074.— What proportion of water runs to waste ? 


The quantity of water which run to waste, however, frequently 
-exceeds enormously that allawed for through 11l-constructed fittings 
and carelessness. A quantity equal tothat used is not uncommon, 
and in one case, where 7 gallons of water per head per day were 
actually used, 18 gallons ran to waste. The most effectual means 
of preventing such waste are, the establishment of a regulation or 
enactment, that domestic water-fittings shall be executed to the 
satisfaction of the Engineer or Manager of the Water-Works; the 
carrying out, as far as practicable of the system of selling water by 
measure to those who require it for other than ordinary domestic 
‘purposes, and the prevention of excessive pressure in the service- 
pipes from which houses are directly supplied. 


The amount of water actually utilised in the houses of a town 
varies cnormously. In the houses of the poor the actual amount 
used may be only 2 or 3 gallons per head daily. This meagre 
amount is not only, or even principally, due to want of personal 
cleanliness amongst the occupants, butis far more often due to the 
limited quantity of water at their disposal, when the supply is inter- 
mittent and has to be stored in cisterns or water butts, often of a 
size totally inadequate to the wants of the people who take their 
water from these receptacles. It has been estimated that in London 
15 gallong out of that supplied per head daily thus run to waste in 
the soil. An enormous amount of leakage takes place from water 
companies’ mains in many towns, from slight settling of the ground 
after laying, or from the vibration of heavy traffic causing fracture 
of the pipes and joints. The loss is especially great where the 
supply is constant and the mains always kept ae pressure. Ag 
already stated this difficulty has been overcome by Mr. Deacon, who 
has invented a meter which can be used as a waste detector. One 
of these meters is placed on each district main ; it registers the flow 
-of water by day and night, and therefore the waste, for the water 
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flowing through the main during the dead of night, is not used by 
the consumers, but is running to waste. : 


Having localised the waste to a special locality supplied by a 
district main, the exact spots where the leakages are taking place 
can be determined by the vibrations produced in the nearest house 
communication pipes, which can be distinctly heard on applying the 
ear to the pipe. By this system, to take one example only, 
the Lambeth Water Company has reduced its consumption from 
34 gallons per head per day to 20 gallons, the quantity available to 
the consumer remaining the same. 


If the spots at which leakage occurs could be known, the pipes 
could be easily taken up and repaired ; this can now be done with 
facility, but the difficulty was previously to find where the leaks 
were. [In some towns it has been found that as much as one-half 
or two-thirds of the total water-supply leaks out of the mains into 
the soil. The greater part of the waste, however, very often takes 
place from the mains, before the water reaches the consumer. | 


1075.— What are the ways in which waste may be prevented ? 


There are two general methods suggested for lessening the waste 
which occurs. One is to introduce a rigid system of inspection to 
detect all leakage from the pipes and from imperfect fixtures, and to 
prevent all unlawful use of the water. Such a system has been 
found to work admirably in some places, a notable example being 
in Liverpool, where, by meters invented for the purpose, it was 
possible to determine the amount of water flowing in small sec- 
tions of the pipes, and thus to locate any considerable leak or to 
ascertain where an abnormal] amount of water was being used or 
wasted. The second method is to supply all the water through 
meters, as is now done with that portion which 1s used by manu- 
factories and other large establishments. The principal objection 
urged against the adoption of this method in the case of private 
families, is the fear that, by the use of meters, an economy of water 
would be effected among the very class of people where, for the 
general good of the community, it is important that water should 
be used freely. There is considerable weight to this objection, and, 
if meters are to be introduced into the cities, either a certain 
amount of water must be allowed free, and the excess charged for 
at an established rate, or else some other arrangement must be 
made for the benefit of the poorer classes, especiallyfor persons and 
families living in tenement-houses. It is further to be said that 
the cheaper meters are not very reliable, and it is often possible to 
pass a considerable amount of water without its being registered, 
provided the water passes slowly. The question is, after all, one 
which must be settled by local considerations. In many places, 
where there is an abundance of water at command and where the 
rates are low, the expense and the attendant inconvenience would 
make it advisable not to introduce meters. In other localities, 
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where the available water is limited in quantity, or where, without 
economy, the existing supply is likely to prove insufficient in the 
immediate future, or in places where the rates are of necessity high, 
the introduction of meters would be advisable. The waste in 
northern cities during the winter is enormous, as itis very common 
to leave the faucets open during the night, in order to prevent 
freezing. To remedy this waste it would not be impossible to insist 
that the service-pipes should be laid below the line of frost, and that 
in the houses it should be possible to shut off the water and drain 
tle pipes whenever there is danger offreezing. Vigilant inspection 
would probably accomplish as much as the introduction of meters to 
check such waste.* 


1076.— What was Mr. G. Deacon’s explanation as tothe cause of 
waste and what apparatus did he invent to detect and pre- 
vent it 7 


Mr. G. Deacon, in a very interesting and instructive paper, 
has shown that the loss on the constant system is due to causes. 
over which the consumer has generally little or no control, and that 
it occurs for the most part before the water reaches him. It arises 
chiefly from leaks in pipes, drawn joints, and so on, and up to late] 
there were no means of detecting this in a way practically useful. 
By the introduction of his water-waste meter this is now done 
with the utmost precision and accuracy, so that in Liverpool the 
expenditure of water has been reduced from 33°5 gallons per head 
per diem to 13:3. This does not mean any restriction to the con- 
sumer ; the supply is now absolutely constant, and the use unlimit- 
ed. But it means that formerly the consumer used only 13 gallons 
at the outside, whilst 20 gallons went to pure waste. Mr. Lonuttit 
stated that the Lambeth Water Company was able by this means 
to reduce their expenditure from 35°09 to 15:28 per head. The 
general waste in London appears to be about 15 gallons per head 
out of a total of about 30 gallons. With such a system of checking, 
the main difficulties of a constant supply seem to be solved, even 
if every consumer used the full 25 gallons laid down as the 
necessary quantityf. 


1077 — How is the system of inspection of waste meters conducted ? 


Between the hours of 12 midnight and 5 a.m. is the best time 
for working the system, as between those hours the consumption 
is most regular. ‘The inspector begins by closing the stop-cock to a 
block of buildings, and noting the time at which this is done. On 
examining the diagram there will either be no change, at that time, 
in the steady night line, broken only by an occasional draught, or it 
will show by a vertical movement of the pencil, and acontinuation 
of the steady line at a lower level, that only a reduction in the con- 
tinuous flow hastaken place anditherefore the premises supplied by 
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the pipe in question should be visited by an inspector on the fol- 
lowing day. By closing all the stop-cocks it may be ascertained 
whether the mains are in a sound or a leaking condition. 


1078.—Are house water meters advisable ? Give reasons for your 
answer. 


They are not advisable and for these reasons :— 


1. Because they tendto restrict the necessary use of water 
for purposes of cleanliness. 


2. This restriction prevents proper flushing of drains and 
sewers. 


3. The primary so sak of the fittings, as well as of the neces- 
sary inspections and bookkeeping. All these tend to defeat the endsin 
view. 

A scanty supply means uncleanliness, domestic and personal, with 
its associated evils and diseases. 


1079.— What are the best means to prevent waste of water ? 


a. Employment of the best fittings—the use of good screw-down 
taps. 
b. Any theft of fittings should be a specific offence punishable 
by law. 
c. The supplying company’s inspecting staff should carry out 
their duties carefully and conscientiously. 
d. To enforce the principle that all water pipes or waste pipes 
should terminate in such a way that they may be readily inspected 
—in this way waste may be easily detected and prevented. 


CHAPTER VIII. 
MECHANICS OF WATER SUPPLY, 


1080.— What is meant by Hydrodynamics ? 


Hydrodynamics is the combined science of hydrostatics and 
hydraulics, the former of which treats of the pressure and equili- 
brium of liquidsatrest, whilst the latter explains the laws relative 
to liquids in motion. [Liquids, or fluids in general, are considered 
incompressible and non-elastic, but readily adapted to useful pur- 

oses through flowing freely, by agitation and inequality of level, 
Kents hydraulic machines are brought in to produce useful effects ; 
and although the laws of hydrostatics and hedraulice are universally 
applicable to fluids in general, yet water being the most abundant 
in nature it is the fluid invariably had recourse to for purposes of 
motive power. 2 

Fluids when confined exert a force equal in every direction, but 
when unconfined are subject to the same laws as falling bodies in 
general, modified by mechanical considerations and experimental 
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results, so that through water rolling or falling by the force of 
gravity, the greatest amount of effect is produced, whether for tur- 
bines or water-wheels. ] : 


1081.—Define Hydraulics. 


That department of physical science which treats of motion, 
especially of water which in motion presents itself in four different 
ways:—as Pemeing out of a reservoir; flowing In a bed; acting as a 
motor: and in a passive state raised by machines. 

1082.— What is meant by Static pressure tn relation to water ? 


The full pressure due to the head of water while standing at 
rest. 


1083.— What is meant by Hydrostatics ? 


It 1s a branch of Natural Philosophy that treats of the nature> 
pressure, gravity and motion of fluids in general. This science is 
divided into two distinct parts, viz., Hydrostatics and Hydraulics, 
the latter relates particularly to the motion of water through pipes, 
conduits, etc. 


1084.— Does the weight of a fluid body press equally in all 
directions ? 


Yes ; any vessel containing a liquid sustains a pressure on every 
portion of the vessel, equal toas many times the weight of the 
greatest height of that fluid as the area of that vessel is to the 
sectional area of the column. The amount of pressure sustained 
by walls, flood-gates, sluices, etc., for the retention of water, equals 
the amount of area exposed, multiplied by half the depth of the 
fluid, and by its weight in the same known terms of unity. One 
cubic foot of fresh water weighs 62°355 lbs. 


1085.—By what rule may we calculate the discharge of water from 
an orifice when the aperture extends to the surface of 
the fluid ? 

Multiply the area of the opening in feet by the square root of 
its depth, also in feet,and that product by 51; then 3rds of the last 
product will equal the quantity discharged in cubic fect per second. 

L086.—By what rule may we calculate the discharge of water from 
an orifice when the aperture is under a given head ? 
ca the area of the aperture in feet by the square root of 


the depth also in feet, and by 51; the product is the quantity dis- 
charged in cubic teet per second. 


1087.—Give an example of the working of the foregoing rule ? 


Required the quantity of water in cubic feet per second discharg- 
ed through an opening in the side of a dam or weir, the width or 
tength of the opening being 6} feet, and depth 9 inches, or ‘75 of a 
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Square root of °75=='866. 
° Py 5 rs e 
Then ee 51X21 43839 cubic feet. 
1088.— What would be the quantity discharged through the above 
opening under a head of water 4 feet in height ? 


Square root of 4=2, and 2x51=10'2 feet, velocity of the water 
per second. 


And 6°5 x "75 X 2X 5°1=49°725 cubic feet discharged in the same 
time. 


1089.—Explain by an example the motion of water in pipes. 


Let a vessel be kept constantly full of water up to the water 
line. In two horizontal places lower than the water-line, are made. 
orifices, through which the water will pass up vertical nearly to the 
water-line. Omitting the resistance of air, the jet should theoreti- 
cally reach the water-line; practically it reaches 0°967. It is evident 
that the velocity of the jet through the orifices must be the 
velocity due to a body falling from the height, according to the law 
of force of gravity, 


1090.—How many gallons of water will be discharged in five 


minutes, through an orifice of 0'025 square feet, applied at 
8 feet under the level of the water ? 


G=3l5at mh=31 5x 0°025 x 5x 60 x 8=189'0C gallons. 
Where :—h=head, or height of water over the orifice, 
t=operating time in seconds, 
a=area of the orifice in square feet, 
m==the coefficient for contraction, 
G=gallons of 277 cubic inches discharged in the time, 
=velocity through the orifice in feet per second. 
1091 .— What are the effects produced by pressure of water in its 
natural state ” 


The pressure of water in a vessel, caused by its own gravity, 
increases 1n proportion to the depth below the surface. The sides 
of cisterns, vessels, flood-gates, and sluices sustain a pressure equal 
to the product of the area multiphed by half the depth of the fluid 
and by its gravity, in equal terms of unity. 


The pressure of water on a horizontal surface, say the bottom 
of acistern, is equivalent tothe weight of the superincumbent 
column of water, and the intensity of the pressure is independent 
of the form of the vessel. 


1092.—Required the pressure of water on the sides of arcctangular 
cistern 18 feet in length, 13 feet in width and feet in depth. 
The terms of measurement or unity are in feet; 1 cubic foot of 


water = 62°5 Ibs.; hence 18 xX 9 xX 2x18 x 9 x 2=75,816 x 
45 x 62:5 = 21,885,750 lbs = pressure on the sides. 
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[The weight of water or other fluid is as the quantity, but the 
pressure exerted is as the vertical height; hence as fluids press 
equally in every direction, any vessel containing a fluid sustains a 
pressure equal to as many times the weight of the column or 
greatest height of that fluid as the area of the vessel is to the 
sectional area of the column. The pressure exerted upon the water 
by the ram of the force-pump is transmitted by means of a pipe to 
the base of the ram of the press, and as the pressure of fluids is 
equal in all directions, the total force acting on each ram will be in 
proportion to their areas. Theram is made water-tight by a leather 
collar, inserted in a groove at the top of the press cylinder. The 
water-presses inside the leather-collar causing it to open and press 
hard against the ram. When the pressure is taken off, the leather- 
collar closes, and acs the ram to fall down freely. The ram of 
the press acts with a force equal to the number of times the area of 
the end of the ram exceeds the area of the end of the pump-ram. ] 


1093.—How may the buoyancy or upward force with which water 
presses onimmersed body be ascertained ? 


When a body is partly or wholly immersed in water or other 
fluid, the vertical pressure of the fluid tends to raise thebody 
with a force equal to the weight of the fluid displaced; hence the 
weight of any displaced quantity of a flud by a buoyant body 
equals the weight of that body. 


1094.—By what rule is the velocity of discharge regulated ? 

In the discharge of water by a rectangular aperture in the 
side of a reservoir and extending to the surface, the velocity varies 
as the square root of the height : and the quantity discharged per 
second equals {rds of the velocity due to the mean height, allow- 
ing for the contraction of the fluid according to the form of the 
opening, which renders the co-efficient in this case equal to 5°]. 


1095.—Required the velocity of water issuing through an orifice 
under a head 11 feet from the surface. 


/ 11==3°3166 x 8:1=26°864 feet, velocity per second. 


1096.—By what rule may we find the velocity of water issuing 
through a circular orifice at any given depth from the 
surface ? 


Multiply the square root of the height or depth to the centre 
of the orifice by 81, and the product is the velocity of the issuing 
fluid in feet per second. 


1097.— What law regulates the flow of water through orifices ? 


_ Water in flowing through an aperture under any giyen head, 
is governed by the same law of gravity as that of a solid body in 
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vacuo descending through the same space ; but as friction is cre- 
ated by the motion of two hard bodies in contact, so is friction also 
created by the action of the water in passing through an aperture ; 
hence an aperture twice the width of another will discharge more 
than a double quantity, because the area advances in a much 
greater ratio to that of the resistance. Thus, suppose an openin 
of 4 square feet be required ina circular form its diameter woul 
be about 2 feet 3 inches, and its circumference, or cause cf friction, 
7 feet; in a square form, 2 feet by 2 feet, and the amount of its 
sides 8 feet ; but in a rectangular form, 4 feet in length and 1 in 
breadth, the cause of resistance is increased to 10 fect ; thus show- 
ing that the circular form is that which should be adopted in pre- 
ference to any other for the conduction of water where practi. 
cability will admit. 


1098.— What must be the thickness of sheet iron whereby to form 
a rvectungular vessel 5 feet in length, 2 in width, and 1} in 
depth, that will just sink 3 inches in common water ; laps, 
seams, and rivets not being taken into account ? 


5 ft. or 60in. x 15 = 900 x 2 =!1800 in. or sum of the sides. 
- 60in. xX 15 = 900 7 bottom. 
2tt. or 24in. x 15 = 360 x 2 = 720 - ends. 


Total... 3420 
And 3420 x ‘281==961°02, the divisor, 
Then 60 in. x 15 * 3 xX °08617=97°659 Ibs. of water to dis- 
place. Hence 156254 + 1112°7='14 in,, thickness required. 
1099. —How may we calculate the theoreticul velocity due to 
different heads of wuter ° 


By the following formula in which V= theoretical velocity vw 
Seet per second. 

vas theoretical velocity in feet per minute. 

H = head of water in feet. 


V=8'025,/H. r==482./H. 
1100.— Apply the foreyoing Jormula tg a case ii which there ws a 


head of 10 feet. 
8:025=,/2. 
3162" H=10 feet head. 
25°375 J H=,/10=3'162 


1101.— By what formula is the pressure on the sides of vessels 
obtained ? « 


The side of any vessel sustains a pressure equal toits area 
multiplied by half the depth of the fluid, and the whole pressure 


17 
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upon the bottom and against the sides of a vessel is equal to three 
times the weight of the fluid. 


1102.— What ts the pressure on the bottom of a conical, pyramidal, 
or cylindrical vessel containing fluids ? 
The pressure is equal tothe area of the bottom multiplied by 
the depth of the fluid. 


1103 —By what formula may we find the weight of a cubic foot of 
any solid or liquid ? 


Multiply the specific gravity of the body by 62°32, and the 
result obtained will be the weight of a cubic foot of the body in 
pounds avoirdupois. 

1104.— What is the pressure of a foot of water at 52°3 Fahr. ? 


62-4 lbs on a square foot (the atmospheric or barometric 
pressure is not, as a rule, taken into consideration). 


1105.—Of what is a head of water constituted ? 
It is made up of a head of pressure, and a head of elevation. 
1106.— What is the head of pressure ? 


The head of pressure is equal to the intensity of the pressure 
exerted by the particles expressed in feet of water, 


1107.— What is head of elevation ? 
It is equal to the actual height of the particle above the zone 
fixed or the “ datum level.” 
1108.— What isthe rule for finding the pressure of fluid on the 
bottom of its containing vessel 7 


Multiply area of base by height of fluid in feet and the pro- 
duct by the weight of a cubic foot of the fluid. 


1109.— What is meant by head of pressure ? 


The intensity of pressure in feet of water. 


1110.— What 18 the absolute head of particles of water under pressure 
consist of ? 
The head due to pressure and the head due to elevation. 
1121.— What 12 the ratio of the head of fresh to head of sea water ? 
Asli; 1°026. 
1112.—In what way is the discharge of water expressed ? 
In cubic feet per second. 


1113,——How is the mean velocity of flowing liquids measured ? 
By dividing the discharge by the cross section. 
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21114.— How is water pressure convertible into motion ? 


The force of gravity inthe form of weight is convertible into 
pressure, and pressure into motion; and that motion may be con- 
verted into pressure, and pressure be equivalent to weight. 


Motion we are accustomed to measure by its rate, which we 
term its velocity; that is, the number of units of space passed 
over by the moving body in a unit of time, as, so many feet per 
second. 


1115.— How is the flow of water established ? 


All forces tending to destroy equilibrium among the particles 
of a body of water tend to produce motion in that body. 


1116.— What is the action of gravity upon individual molecules ? 


All natural flow of water is due to the force of gravity, acting 
upon and generating motion in its individual molecules. If in the 
side of a vessel filled with water there be made an orifice; if one 
end of a lIcvel pipe filled with water be lowered; or if a channel 
filled with water have its water released at one end, then equilibrium 
among the particles of the water will be destroyed, and motion of 
the water will ensue. Gravity is the force producing motion in 
either case, and it acts upon each individual molecule as it acts 
upon a solid body, free to move or devoid of friction. 


1117.— What is the pressure upon a unit of surface of water ? 


Since one cubic foot of water, measuring 144 square inches on 
its base and 12 inches in height weighs 62°425 pounds, there must 
be a pressure exerted by its full bottom area of 62°425 pounds, and 

62°425 Ibs. = 0433479 
144 sq. =) e 
pounds for each foot of vertical depth of the water. 


In ordinary engineering calculations 62°5 pounds is taken as 
the weight of one cubic foot of water, and 0°434 pounds as the re- 
sulting pressure per square inch for each vertical foot of depth 
below the surface of the water. These weights are used in the 
computation of tables, and give closely approximate results, slightly 
in excess of the true weights. . 


by each square inch of its bottom area of ( 


1118.—Js the pressure of water proportional to depth ? 

The pressure of a fluid at any point on an immersed surface, 
is in proportion to the vertical depth of that point below the sur- 
face of the fluid ; but not in prcportion to variable breadths of the 
fluid. 


¢ 
1119,— What is meant by individual molecular reactions in water ? 


Any particle of fluid that receives a pressure re-acts with a force 
equal to the pressure, if its motion is resisted upon the opposite 
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side. [Any point of a fixed surface pressed by a particle of water 
tio x pon the particle with a force equal to the pressure of the 
particle. 


1120.—Is the equilibrium in a volume of water destroyed by an 
orifice ? 

If an orifice is made at the bottom of the side of a vessel con- 
taining water, then the particles at that point will be relieved of the 
re-action of the point, or of its support, equilibrium will be destroy- 
ed, and motion will ensue, and all the particles throughout will 
begin to move toward the orifice, though not with equal velocities. 


1121.— What is meant by the frictionless movement of molecules of 
water ? 


The molecules of water move over and pass each other with 
such remarkable ease that they have usually been considered as de- 


void of friction. 


11232. —What is meant by acceleration of motion ? 

The force of gravity perpetually gives new impulse to a fall- 
ing body and accelerates its motion, if unresisted, in regular mathe- 
matical proportion. 

1123.— What is meant by transmission of pressure to a distance ? 

The effect of pressure on a fluid is transmitted through its 

yarticles to any distance, however indefinitely great, to the limit of 
its volume. 

Required the direction and magnitude of the pressure against 
a flat circular valve inclined to the horizon at an angle of 45°, and 


employed to retain fresh water in a reservoir; the centre of the 
valve is sixteen feet below the surface of the water, and the dia- 


meter of the valve one feet. 
The direction of the pressure is at right angles to the valve. 
The area of valve=12 x 12=144x 7854=113°06, 
The pressure of water per square inch at 16 feetis °4332 x 16= 


6°9312 lbs., therefore the pressure on the valve is 6°9312~x 
113:06=783-849 Ibs., the total pressure on the valve. 


1 cubie inch of water=='0361 Ibs., « ‘0361 x 12 = °4332 lbs. 


1124.—How does the pressure of water in a vessel differ from its 
weight ? 
The weight is according to the quantity, but the pressure is 
according to the perpendicular height. 
(N.B.—The pressure against the side of a vessel increases in 


proportion to the square of the depth, but the velocity of a spouting 
pipe increases only as the styuare root of the depth. ] 
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1125.— What is necessary in a fluid particle in order for it to acquire 
velocity from w state of rest to an increase of velocity ? 


It must pass from a place of greater total head to a place of less 
total head. 


1126.—IJn hydraulics in what term is it consistent to express the 
intensity of pressure of water 7 


In feet of water, that is, in terms of the intensity of the pressure 
of a column of water one foot high upon its base as a unit. 


1127. — What other term is used for pressure so expressed ? 
A “head of pressure’’. 


1128.— What unit of time is employed in mechanics and hydraulics 
and in calculations on sewage and water works ? . 


Of different units of time the second is the most convenient in 
mechanical calculations; the minute is the customary unit in stating 
the discharge of streams; the hour, the day, and longer periods are 
used in calculations as to drainage and water-supply. 


1129.— What rule may be stated with regard to the velocity of fluids 
passing through an orifice ? 


The velocity at its passage through an orifice in the side of a 
Tsaervoir, is the same as a heavy body would acquire in falling freely 
from the height comprised between the level of the fluid surface in 
the reservoir and the centre of that orifice. 


— 1130.— What formula is based on this 7 


The formula V=\/2 gH where V = velocity of issue, and 
H = height of head of water in reserve, and g = gravity. 


1131.— What ts meant by motion of the individual particles ? 


If an aperture is made in the bottom or side of a tank filled 
with water, the particles of water will move from all portions of the 
body toward the opening, and each particle flowing out will arrive 
at the aperture with a velocity, dependent upon the pressure 
or head of water upon it, and upon its initial position. 


1132.—JVhat quantities of fluid are discharged in certain heads 
and apertures ; or what rules are observed in estimating 
the discharge from apertures under certain conditions of 
pressure ? 


1. The quantities of a fluid discharged in eqyal times by the 
same apertures, from the same head, are nearly as the areas of the 
apertures. 


2. The quantities of a fluid discharged in equal times by the 
Same apertures, under different heads, are nearly the square roots 


~ 
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of the corresponding heights of the fluid, above the surface of the 
apertures. 


3. The discharge of fluid through a cylindrical horizontal 
tube, the diameter and length of which are equal to one another, is 
the same as through a simple aperture. 


4. If the horizontal tube is of greater length than the dia- 
meter, the discharge of fluid is much increased, and may be in- 
creased with advantage up toa length of tube four times the dia- 
meter of the aperture. 


1133.—To what horizontal distance will a fluid spout from a hort- 
zontal pipe many part of an upright vessel below the 
surface of the fluid ? 


Toa distance equal to twice the length of a perpendicular to the 
side of the vessel, drawn from the mouth of the pipe, to a semicircle 
described upon the altitude of the vessel. 


1134.— What is a pump ? 

A pump is a machine for applying force toa fluid, either for the 
purpose of causing it to ascend from a lower toa higher level, or to 
make it flow against an opposing force other than gravity acting 
upon that portion of the fluid tobe put in motion. This definition 
divides pumps into two great primary classes, which may be sub- 
divided into several secondary classes, according to the special use 
to which the pumps are applied. Thus arranged, the subject appears 
as follows:—First division, pumps for drawing mines, pumps 
for surface drawing, pumps for irrigation, pumps for water-supply, 
pumps for raising particular liquids, contractors’ pumps, pumps for 
emptying docks, bilge-pumps; second division, pumps for supply in 
hydraulic machinery, feed-pumps, and air-pumps. 


1135,.— What consequences follow upon this principle ? 

That a surface of equal pressure in a still fluid mass is every- 
where perpendicular to the gravity that is longitudinal through- 
out. The pressure at all points at the same level is of equal in- 
tensity. 

II. The intensity of the pressure at the lower of the two points 
in a still fluid mass is greater than the intensity at the higher point 
by an amount equal in weight toa column of the fluid whose height 
is the difference of elevation of the points, and base a unit of area. 


III. The pressure of a liquid in a floating or immersed body 
is equal to the weight of the volume of water mae fea by that body ; 
and the resultant of that pressure acts vertically upwards through 
the centre of gravity of that volume, when the centre of gravity is 
called the centre of buoyancy. 

IV. The pressure of aliquid against a plane surface immersed 
in itis perpendicular to that surface in direction, its magnitude is 
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equal to the weight of a volume of theliquid, found by multiplying 
the area of the surface by the depth to which its centre of gravity 
is immersed. 


V. The centre of pressure on such a surface if the surface is 
horizontal coincides with its centre of gravity if its surface is verti- 
cal, or sloping the centre of pressure is always below the centre of 
gravity of the surface and is found by considering that the pres- 
sure 18 an uniformly varying stress whose intensity at a given 
point varies as the distance of that point from the line where the 


given plane surface (produced if necessary) intersect the upper 
surface of the liquid. 


1136.—There is delivered from a coal pit 160 tons of water in 
twenty-four hours, but it is grossly polluted with solid 
matter ; what measures would you suggest for its clarifica- 
tion, that a volume of twenty thousand gallons per day 
would be available for human use ? 


The filtration process would be the best system to adopt. One 
ton water measures 224 gallons, 160 x 224==35840 gallons. Toreduce 
gallons to cubic feet, divide by 64, or for greater accuracy, by 6°23. 

‘The cubic feet are therefore 5752°8. A reservoir 29 feet x 20 feet x 10 
feet deep would hold this quantity atter filtration. 1t should be 
carried to point of distribution in cast iron pipes under pressure. 
Service reservoirs should contain three days’ supply. Thirty 
gallons per head per day is considered the average consumption 
in manufacturing towns. ‘The reservoir should be a little larger 
‘than dimensions given. 


1137.— What is the pressure of a fluid ut any part of an uncovered 
surface ? 


The pressure of a fluid at any part of an uncovered surface is 
in proportion to the vertical depth of that point below the surface 
of the fluid but not in proportion to variable breadths of the fluid. 


1138.—By what formula may we calculate the tume employed in 

filling and emptying a reservoir when the supply and 
consumption are going on simultaneously ? 

‘Q = supply of water to reservoir in cubic feet per minute. 

g == consumption of water from reservoir in cubic feet per minute. 

c = contents of reservoir in cubic feet. 

T = time required for filling reservoir in minutes. 

t == time required for emptying reservoir in minutes. 


Cc Cc 
T= ~— aa 


Q—- q—-Q 
1139.—How muy we rad sai the pressure of a fluid down a 
vertical, inclined, curved, or any surfuce ? 
Multiply the area of the surface by the height of the centre of 


vity of the fluid in feet, and the product by the weight of a cubic 
oot of the fluid. 
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1140.—Give the pressure on a sloping side of a pond of fresh 
water 10 feet square, the depth being 8 feet. 


Centre of gravity, 8+2 == 4. 
When (10)? x 4 = 400 x 62°5 = 25,000 Ibs. 


1141.— Required the direction and magnitude of pressure against a 
flat circular valve inclined to the horizon at an angle of 
43° and employed to retain fresh water ina reservoir ; the 
ceulre of the valve is sirteen feet below the surface of the 
water, and the diameter of the valve one foot. 


The direction of the pressure is at right angles to the valve. 

The area of valve = 12 & 12 == 144 X °7854== 113°09. 

Pressure of water per square inch at 16 feet is °4332 x 16 
= 6°9312 lbs. 

Therefore, the pressure on the valve is 69312 x 118309 = 
783'849 Ibs., the total pressure on the valve. 


One cubic inch of water = ‘0361 Ibs. .. 0861 x 12 = °4382 Ibs. 
Area of valve = (D)? x °7854. D = diameter. 


1142.— Under what condition of water is it taken aa a standard of 
comparison between measures of capacity and weight ? 


All comparisons between measures of capacity and those of 
weight are made with distilled waterat # maximum density, ata 
specific gravity of 1 (unity) ; but in commerciul measure, the vessel 
at a temperature of 62° Fahr. 


1143.— What is the main property of a fluid aa opposed to a solid ? 
It does not tend to preserve a definite shape. 


1144,— What principle is based upon this property ? 


That in a perfect fluid, when still, the pressure exerted at &# 
given point is normal to the surface as when it acts, and of 
equal intensity for all positions of that surface. [Upon this 
principle is founded the whole science of Hydrostatics. ] 


2145. — What is meant by the intensity of pressure of fluid ” 
In uniform pressure over an area, the total amount of pressure 
divided hy the area. 
1146.— What is the pressure of water in a conical vessel ? 


The pressure of the fluid in any conical vessel is found by 
multiplying the base by the whole perpendicular height; therefore 
the pressure will be equal to three times its weight. 


[N.B.—A fluid presses in proportion to its perpendicular height 
and the base of the vessel containing it without any regard to the 
quantity. | 
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1147.— What is the density of air in relation to water ? 
Ag 1: 773. 


1148.—JVhat is the ratio of pressure on the sides of three vessels 
when the depths areas 1, 2, 3, to one another ” 


Of three vessels whose depths are as 1,2, and 3, the pressure 
against the side of the second will be four times greater than that 
against the first, and the pressure against the side of the third will 
be nine times greater than that aguinst the first. 


1149. — What is the pressure on the side of a cubical vessel contain- 
ang water ? 


In any cubical vessel the pressure against any one side is equal 
to half the pressure upon the bottom, and, of course, the pressure 
upon the four sides is equal to twice the pressure upon the bottom. 


1150.— What is the “ hydrostutic paradox” ? 


“That any quantity of water, however small, may be made to 
balance and support any quantity, however large.” 


1151.— Whai is absolute motion 7 


It is the motion that bodies have independently of each other 
and only with regard to the parts of space. 


1152.— What is meant by relative motion ” 


It is the degree and direction of the motion of any body, when 
compared with that of another. 


1153.—At what temperature does water attain its maximum 
density ? 


At 39° 2 Fahr. or 4° Cent. 


1154.—What is the pressure against the arhole side of a cubical 
vessel contaiming water ? 


The pressure in this case must vary as the square of the depth 
of the vessel. [N.B.—The lateral or side pressure of fluids is equal 
to the perpendicular pressure. ; 


1155.—How many cubic feet of water will be raised in one hour 
from a mine 200 feet deep, ofthe rate of pumping be 15 


horse power ° 


2376 nearly. [One horse power is equal to 550 foot pounds per 
second, and isnearly equivalent to 8:8 cubic feet of water lifted one 
foot high per recond. Acubic foot of water=62°5 lbs. Foot lb. 
work done against gravity in lifting a pound weight through a 
height of one foot. ] : 


1156.—A bottle filled with water weighs 212 grammes. Fifty 
grammes of filing are thrown in, and the water whic 
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flows over is removed, still leaving the boitle just filled. 
The bottle then weighs 254 grammes. What is the density 
of the filings ? 

The density of the filings is 6°25. 


1157.—A hole is made in the side of a cistern containing water: 
what is the velocity with which the water is ejected ? 


The velocity will be as the zquare root of the distance of the 
hole below the surface. 


1158.—How much water will a body specifically lighter than water 
displace when floating on its surface ? 


A. body specifically ligbter than water will sink in it till 
so much of it is below the surface, that a bulk of water equal to the 
bulk of the parts of the body which is below the surface is ofa 
weight equal to the weight of the whole body. 


1159.—How and to what distance is the pressure on a fluid trans- 
mitted ? 


The effect of pressure is transmitted through its particles 
‘to any distance, however indefinitely great, to the limit of its 
volume. 


1160.—(u) What is the immediate cause of fluid motion, and (b) 
what are usually the secondary causes ” 
(a) Gravity. 


(6) The other accelerating forces are the extent of the mean 
radius or wetted perimeter. and the shape of the channel. 


1161.— Besides that loss vf head from friction what other causes 
produce loss of head ? 


There is frequently loss due to change of direction, caused 
by bends and angles in the pipes. When the bends are of large 
radius and are not numerous, their influence may be neglected, but 
angles and lends of a small radius occasion a considerable Joss. 


1162.— What are the principal results required ? 


The results principally required are the flood or maximum 
the catchment area ; its mean discharge throughout the year, and 
discharge, in cubic feet per second of the river or stream, draining 
its minimum discharge in seasons of extreme drought, as well as in 
its ordinary low stage, dividing each of these by the catchment 
area, similar results per unit of catchment are obtained, to obtain 
the depth in feet of rainfall run off under each of thoseconditions, 
The relation between these quantities andthe probable or approxi- 
mate downpour over the catchment area can then be compared with 
those known to exist in other corresponding cases and a valuable 
-check on these important results thus obtained. 
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1163.— What are the best known formule for this calculation ? 
The three best known formule for this purpose are :-— 


(1) Q=K, 27 (K)$ 
(2) Q=K, 100 (K)Z 
(3) Q=K, 1800 K (L) 2. 

In all these K is the catchment in square statute miles, Q the 
flood discharge in cubic feet per second, in the third Lis the length 
of the main river or stream under consideration, in statute miles; 
while the co-efficient K,, K,, K;, are the local drainage co-efficients 
suitable to each formula respectively. 


1164.— What is the disadvantage and advantage of formula (1) ? 


Formula (1) requires avery wide range of valves of K,, and 
is hence inconvenient, though simple in form. 


1165.— What are the uses of formula (2) ? 


Formula (2) is preferable ; it is a modification of Colonel Dickens’ 
formula, Q = 825 (K) #, suited to Bengal proper and Bahar, though 
it afterwards appeared that formula (2) with co-efficient near to 
K = 8:25 was suited to large tracts of Indian plains having an 
annual rainfall of from 24 to 50 inches 


1166.—JIn assessing a water-taxr what are the several points to be 
taken into consideration ? 


In the assessment of a water-tux there are several points to be 
considered : (1), the original cost of construction of the work ; (2), 
the means by which the money was furnished; (3) 1f by loan, the 
period over which the loan is extended, together with its interest 
and compound interest; (4), the annual expenses 1n the mainten- 
ance of the water works; (5), the actual population, and (6), the 
proportion of wealthy to pauper people, 7.e., the number by whom 
house-connections are likely to be made. In an entirely pauper 
population, or one, say, of a large agricultural village, the cost of 

aintenance of a constant water-supply system, either with or 
without the use of machinery for pumping, could not be met by 
rates, and loss would be inevitable; but where, as is the case 
in most towns of India, a part of the community is more or less 
wealthy, there is every facility for carrying out any method of 
supply that may be deemed expedient. 


1167.—How may we guard against the accidental failure of the 
ball-valve or cock ? 


By using some kind of overflow pipe and since the water 
always enters under considerable pressure, it nfust, in order that it 
may discharge the same quantity in the same time, be very much 
larger than the supply-pipe. On no account whatever should it be 
carried into soil-pipe, waste-pipe, rain-water-pipe, or any pipe having 
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any communication with the drains ; the interposition of a syphon 
bend in such cases is utterly useless, since as the ball-valve may get 
out of order the trap will always bedry. Overflow pipes of this old 
and objectionable kind arenow happily prohibited by the Water 
Companies, not indeed on sanitary considerations, but because it 
was found to be a common practice of householders to tie up the 
ball-valve and allow the water to run to waste, with the object of 
flushing the house drains. The law now requires the overflow pipe 
to discharge itself in the open air, in some conspicuous situation 
where it can be seen from the street, or at least such that the house- 
holder must in self-defence have the ball-valve repaired without 
delay. They are then called warning pipes. 


1168 .— What are the two kinds of taps in common use ? 


(a) The plug tap, which is like the tap of an ordinary gas jet ; 
(6) The screw-down tap. 


1169.— What are their respective advantages and disadvantages ? 


The plug tap shuts off the water by a half turn, is therefore 
rapid in its action and for the intermittent system very good, as it 
18 also in cistern pipes. It is not desirable in the constant system 
where the pressure is high; for this purpose screw-down taps are 
needed: screw taps save the water pipes from shock in the high 
pressure system: if a plug tap be used in these cases, the sudden 


shock to the pipes is very great asthe flow 6f water is checked so 
suddenly. 


1170.— What are the best form of taps for houses supplied on the 
constant system ” 


The screw-down tap. 


1171.—IVhere should it be placed ? 
Where the pipe entere the house 


1172.—IWho should have charge of this tap ? 


The tenant [with the tap in his possession]. The tenant may 
turn off the water should there bea burst in the pipe, or he can 
empty the pipes in frosty weather; screw-down taps have the ad- 
vantage of stopping the water gradually without any concussion. 
It would appear also that notwithstanding the tendency not to 
shut these taps off completely, there is actually less waste in- 
volved in their use than with either of the other kinds. Hence 
this description of tap is the one specified as permissible in the 
“ Regulations.” Another advantage possessed by this tap is 
that it is easily repaired, and that frequently without the neces- 
sity for employing skilled labour. 


1173.—Name a good form of screw-down cock ? 


The various descriptions of screw-down cocks have each their 
advocates, but the one most generally in use is the high pressure 
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loose valve tap. The working screw of the best description is contain- 
ed in a separate top piece which screwsinto the body of the tap. 
The whole of the parts requiring renewal are connected with this 
top piece, which being screwed toa standard gauge, may ina few 
minutes be removed, and a new one substituted. he valve being 
loose causes the leather washer to be as durable as possible ; the 
water however, in some cases, seems to affect its durability much 
more than in others, and when carelessly made fittings are permit- 
ted, washers last but a short time. A double-action bib-cock, 
designed to allow of its being repaired without turning off the 
water, may also be used. This is effected by having two valves, 
the upper of which acts in precisely the same manner ; when how- 
ever it is necessary to remove this valve for any purpose, a second 
valve is forced upwards into the valve seatipg, thus stopping for 
the time being the flow of water through the cock. 


-Where are bill-cocks chiefly used ? 


The plug-cock is, as a rule, only used in towns where an inter- 
mittent supply exists, and is nearly in all cases prohibited where 
there isa constant service. The plug-cock, although rather cheaper 
in first cost than the screw-down cock, is much the inferior one to 
use, It is liable to cause rupture of the pipes by concussion, and 
consequent leakagefrom the suddenness with which it stops the 
flow of water, and being expensive to keep in repair ultimately 
becomes the more costly article of the two. ‘There are many 
varieties of bill-cockfrom the plug-cock to the screw-down with 
double-valve. 


Ball-cocks or taps are so varied as bill taps, but those mostly 
in use for high pressure are the equilibrium taps of Messrs. Lambert 
and Son, Fig. 299, and Messrs. Guest and Chrimes; and the loose 
valve ball-cock of the latter firm. Fig. 250 is a section of Stone's 
patent sliding socket ball-valves. The length of the lever 
and size of the ball should be specified, being proportioned 
according to the pressure. ‘T'wo or three inches space should be 
allowed between the highest water level and the outlet of the 
waste pipe, and cisterns should be so fixed that the ball-cock can 
be easily examined or repaired. 


Waste Preventers.—There are several kinds of waste preventers 
in use. They are generally designed on the principle of arresting 
the flow of water after a limited quantity has passed, so that 
oo the tap be carelessly left open, the water would neverthe- 
less flow. 


Self-closing teps of various descriptions have been tried at dif- 
ferent places, but have generally been abandoned as they create 
concussion if the pressure is considerable. They were intended to 
reduce waste of water, but are often more likely to increase it, as 
some of the consumers, to avoid the inconvenience of holding the 
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handle whilst water is being drawn, will prop or otherwise fasten 
it open and then carelessly leave it in that position. | 


1175.— What are the uses of stop-taps ? 


They are sometimes made to answer the purpose of a ferrule; 
and are at other times used separately, as a rule, either fixed on 
the foot path, or beside the house. The old plug-cock is still in 
use in some places, but is being superseded by the screw-down, 
loose valve stop-cock, which is much superior, as it avoids the 
concussion caused by closing the plug-cock; the loose valve also 
prevents the passage of foul air into the mains when they are 
emptied. It is also more duravle, easier to repair, and if the double 
valye is used, the repairs can be done withont shutting off the 
pressure in the mains. 


1176.— What is the use of a stop-ferrule ? 

It forms a connection between the house serviee and the main, 
and is used for the purpose of cutting off the supply toa house 
when required for repairs, alterations and other purposes, without 
interfering with the flow of water inthe main. It has a screwed 
end for attachment to the main, and a screwed or tmned end for 
connecting with the house services. A seating is made in the 
body of the ferrule, down upon which, when it is necessary to shut 
off the water, is screwed a loose valve similar to that in Fig. 297. 


1177.—What objection may be raised to the overflow pipe from a 

cistern opening on to the outer wall into the roof gutters ? 

The pipe may become blocked up with ice in winter, which 

would render it useless, and the water would then overflow into 
the house. 


CHAPTER IX. 


METHODS oF WATER-SUPPLY—CONSTANT AND INTERMITTENT. 


1178.—What systems are employed in the distribution of water in 
public water-supplies ! 
Two systems are in use—the constant and intermittent methods 
of supply. 


1179.— Describe what is meant by constant and what by intermittent 
water-supply. 

By ‘ constant’ water-supply is meant thesupply under pressure 

at all times of the day and night of water for domestic, trade, and 

other purposes. Or, in plain terms, the water mains are kept charged 


QHAP. IX. | METHODS OF WATER-SUPPLY. 271 


day and night, at such a uniform bata that the water could, in 
case of fire, de forced over the highest buildings in the district or 
town. 


By ‘intermittent’ water-supply is meant the supply of water 
at stated times, house-cisterns or other receptacles being necessary 
to store a day’s supply. In the intermittent supply the house- 
holders, tenants or others requiring the water, can only obtain it at 
stated hours, or for a short period daily necessitating their storing 
it in tanks, house-cisterns, etc. In some cases the supply lasts for 
a few hours during the day but mostly it is limited to 20 or 
30 minutes. 


1180.—Summarise the advantages of the constant service. 


(1) It requires no storage of water. Owing to the absence of 
cisterns, or improper receptacles, the risks connected with stagnant 
water, and with improper ending of overflow pipes, are obviated. 
There is no exposure to polluted air in the cisterns or to dust, mice, 
bird-droppings, insecty, etc. 


(2) The risk of suction into the pipes of external or soil contami- 
nations is reduced to a minimum, since the pipes are never empty, 
with the mains and service-pipes always full and under pressure, 
the possibilities of the water becoming polluted are greatly reduced. 
Foul liquids and gases cannot easily find access to the interior of the 
mains through faulty joints, and pollution cannot be sucked in at 
the open end of the house service pipes if the pressure is always 
outwards. 


(3) The pipes are less hable to rust; air, in the presence of a 
little moisture, causes rapid corrosion. Further there is an absence 
of gases which are either sucked in or generated within the pipes 
during the intervals of supply as occur in the intermittent system. 


(4) There is an abundant supply of water in case of fire. 


Of course, when there is a temporary stoppage of supply, as 
for repairs, some of the dangers incurred by an intermittent supply 
will arise even in the constant system. 


There is no doubt that the constant system is the safer, espe- 
cially for poor houses, as it leaves no loophole for inattention in the 
cleansing of cisterns. Only it requires that the constant system 
should really fulfil the conditions laid down for it, viz., it should 
deliver sufficient water at all times, and not merely delude us with 
a phrase. [The only objectors to the constant service are the water 
companies. They urge that the fittings required for this system are 
expensive and liable to be stolen; and that, when through careless- 
ness or accident, taps are left open or pipes burst, the waste of water 
is much greater than with a cistern supply. These objections have 
not been found to hold good where there is a well regulated and 


292 WATER, [Page t, 


properly inspected constant supply ; the increased waste with a con- 
stant supply, only occurs where it is adopted with the same fittings 
and pipes as were used for the intermittent supply. But where 
the best screw taps and fittings are provided and judicious regula- 
tions for preventing waste are enforced, the consumption of water 
is less than with an intermittent supply. 


One valuable point in the constant system is that, in order to 
aid inspection sen the detection of waste, the waste pipe is not 
allowed to open into any part of the drainage ; but, under the name 
of a “ warning pipe” is placed where the escape can be seen, and if 
in a house will put the owners or occupiers to inconvenience in con- 
sequence thereof. ] 


1181.—How may waste be limited ? 


To cheque waste in the pipes in the constant system, waste 
meters may be placed in various sections, and water works meter 
indicates position of leakage. 


1182.—Is the constant system always practicable ? 


No; it may be necessary to adopt the intermittent system 
when the water is scarce. ‘hus, in some districts, the supply is 
only afforded for a certain number of hours in the day; and it be- 
comes necessary for each household to store a sufficient supply for 
twenty-four hours, in elevated cisterns. The intermittent system, 
now becoming obsolete, is attended by many risks and disadvan- 
tages and is only defended on the grounds that it incurs somewhat 
less waste and that the substitution of constant service would 
entail considerable outlay in providing better fittings. ‘The dan- 
‘gerous and filthy pollutions are thereby avoided. 


1183.—Are the advantages of the constant system always manifest ? 


By nomeans; for in actual practice, in many cases, these advan- 
‘tages have been somewhat reduced hy errors on the part of both 
consumers and water companies. Unless constant inspection 1s 
‘exercised, and the taps and fittings in houses frequently supervised, 
there is great waste. This occurs especially in cases where an inter- 
mittent service has been changed to a constant service, and the old 
pipes and fittings have been retained. The company, to economise 
water, shut it off from the house-pipes, and then no water is obtain- 
able, perhaps for many hours. 


1184.— What is donein orter to limit the amount of domestic waste 7 


In order to prevent undue waste water meters are sometimes 
applied to the service-pipe supplying a group of houses, and the 
landlord charged for the amount used, but as this plan induces the 
landlord to enforce a too rigid economy, it is not to be commended. 
The best water meters are capable of registering exactly all amounts 
exceeding a tlow of one gallon per hour. 
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+ 4485.—Mention dangers to which water mains are liable when they. 
are in proximity to sewers. 


If water mains and sewers are laid in the same trench, there is 
a possibility of foul matters, which have escaped into the soil from 
leaky sewers, being sucked into the water mains during intermis- 
sions in the service. In a similar manner, too, water mains may 
guck in from the surrounding soil coal-gas which has escaped from 
leaky gas pipes and mains. Such intermissions are the daily occur- 
rences of an intermittent service, andare often unavoidable with a 
constant service when executing necessary repairs tothe pipes. The 
water and sewerage systems should be kept as farupart as possible. 


[With a constant service the mains are always charged in case 
of fire; with an intermittent service much valuable time is often 
lost in finding the turn-cock. | 


1186.— Name a special advantage of the intermittent system. 


The higher parts of the town do not run the risk of being 
deprived of water by the waste which takes place in the lower 
part. 


1187.—Name two special disadvantages of the constant system. 


Insufficient supply leaves the pipes empty at times, and foul air 
(it may be coalegas or sewer air) is drawn in; and (2) if the pres- 
sure is low a ferrule is sometimes put in the pipe thus narrowing 
the diameter, so that the water runs in a very small stream. 


In the intermittent system the water is cut off from the smaller 
mains, except for 20 minutes or half-an-hour, once or twice a 
day, or itis turned on for certain days of the week only, thus neces- 
sitating the storage of a supply in the house. 


It is @ common error to suppose that the constant service 
means an unlimited supply, and the intermittent a very much re- 
stricted one. In the tormer, the supply per head of population 
depends on the quantity that can be raised daily and the capacity 
of the storage reservoirs. As the water 1s always avuilable, every 
precaution has to be taken in the constant system to guard against 
wilful waste, for if such waste were universal, the supply would 
soon terminate. 


-1188.—Whai are the objections alleged againat the constunt system, 
and how far are these objections valid ? 


‘The objections to the constant supply system are that it en- 
courages waste and extravagance, and that no means can be taken 
to provide against these, (2) that the pipes and fittings are ex- 
pensive, and (3) with weak or defective pipes or fittings, leakages 
and waste may occur. These objections are onl¥ valid when the 
taps and fittings used under the intermittent system are a)lowed to 
remain. When the constant system is adopted, only “ screw-down 
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tape” of the best description should be allowed; and to prevent 
‘waste from closets, a small cistern may be connected with each 
closet, containing two gallons or enough water for one “ flush.” It 
has also been suggested to put the service pipes in the poorer 
neighbourhood of a town in such a position on the landings that 
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neglect shall cause such inconvenience as to enforce care. 


_ {With the constant service occasionally pipes will have to be 
repaired ; in that case the water must be turned off from mains oF 
branches, and suction will then result just the same as with the 
intermittent. In both cases defective mains or service pipes,’ 
although running borefull, may draw in polluting matters. It se 
been proved experimentally that a fluid flowing through a tube 
with defective joints although the tube may be borefull and at 
some pressure, yet a vacuum may occur at the joints, and any gas 
or liquid in contact with the joints sucked; for instance, Mr. John 
Spear traced an epidemic of typhoid at Mountain Ash to the con- 
tamination of the water-main in the manner indicated. Another 
objection is the insufficient delivery when the supply is not 
abundant. | 


1189.— What points in connection with the constant system deserve 
special attention ? 


The diameters of the pipes for constant service should be 
carefully adopted to their discharges and to the head of 
pressure; the drawing taps ought to bs valve-cocks to open and 
shut with a screw, and the town should be efficiently provided 
with distributing basins so that an extra flow of water in one dis- 
trict would not interfere with the requisite supply of other parts, 
When the water is raised by pumping and there is no reservoir, 
the constant system is impracticable. 


The late Dr. Parkes suggested that in the constant system a 
good screw stop-cock, availableto the tenant, should be placed at the 
point of the entrance of the pipe intu the house, so that the water 
may be turned off if pipes burst, or to allow the pipes to be empty, 
as during frost. Every precaution must be taken that impure water 
is not drawn into the pipes by a pipe being emptied and sucking up 
water from a distance. 


1190.— Discuss briefly and in general terms the subject of the inter- 
mittent and constant service of water. 


In almost all provincial towns, and in many parts of London, 
the water-supply is maintained oonstantly, save in times of ex- 
se dase drought. In some districts, however, the supply is only 

ed for a certain number of hours in the day ; and it becomes 
necessary for each household to store a sufficient supply for twenty- 
four hours, in elevated cisterns. The intermittent system, now 
becoming obsolete; is attended by many risks and disadvantages, - 
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-aiid is only defended on the grounds that it incurs somewhat less 
waste, and that the substitution of constant service would entail 
considerable outlay in providing better fittings. Onthe other hand 
the cisterns, which must be large enough to meet the maximum 
(not the average) daily consumption, are costly, and are liable to be 
come foul ; the water stored in them is stagnant, and absorbs impu- 
rities from the air coal-gas, sewer gases, or liquid filth are liable to 
be drawn into the mains and service pipes when empty ; and, apart 
from ‘this, the alternate contact with air and water tends to corrode 
the pipes, and favours the absorption of lead. 


In the event of fire, a house or district under the intermittent 
system is at great disadvantage. 


1191.— Whathas been the chief objection raised by water companies 
to the constant system ? 


It has been urged as an objection to the general adoption of 
the constant system ofsupply,that where an unlimited supply of 
water is at all times obtainable, there willbe an undue use of water, 
alarge portion of the water taken being allowed to run to waste. 
[Experience under the intermittent system of supply has furnished 
fallacious arguments for this contention. ] 


1192—Has experience justified this statement 7? 


It has not : experience under the constant system has shown it 
to bean unfounded conclusion. It is not found, with a constant 
supply, that it is altogether impossible to limit the consumption— 
.or rather consumption plus waste—to a reasonable amount. 


1193.— What was the cause of the antipathy that arose against the 
constant system 7? 


A prejudice was created against the constant system by the 
absurd regulations attempted to be introduced so as to prevent 
waste, such as the delivery of water through minutely constricted 
pipes so that the water would issue only ina dribble “throttling 
the supply.” 


1194.—Cun such regulations be carried out ? What would be the 
result of giving effect to them ? 


Such regulations are impracticable and dangerous in case of 
fire, and with proper supervision itis found that the substitution 
ofa constant for an intermittent system has actually resulted in 
the saving of water. Indeed, in the present day, the relative 
values of the two systems can hardly be a matter of dispute; and 
no householder who has experienced the comfort and _ benefits of a 
constant supply, would willingly have a reversién tothe intermit- 
tent system. Even for villages—and oftener for groups of villages 
—a constant supply is now-a-days frequently laid on, to the great 
comfort and advantages of rural populations. 
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1195.— What ts the true outcome of eaperience on the constant 
system ? 

That with good regulations, vigilant inspection of cisterns, 
waste-pipes, and taps, waste is brought within reasonable limits,. 
and the undue use of water may be limited in other directions. To 
large water-consumers the supply may be by meter; but it has not 
hitherto been found possible to supply water by meter in all cases. 


1196.—In changing a water service from tntermittent to constant, 
what alterations in the fittings should be insisted upon ? 


In changing from constant to intermittent supply the storage 
cisterns will become unnecessary, and may be removed; but fhe 
principal changes will be those to be made for the, purpose of pre- 
venting waste. Tothis end “service boxes” will, have to be fur- 
nished for all water-closets not already supplied with them; the 
taps must all be strong, serviceable articles, of the screw-down 
pattern, and it may be necessary, if the pressure be great, to re- 
quire stronger service pipes than formerly. 


1197 .—How far are the dangers connected with the constant and 
intermittent systems aggravated by prolonged frost ? 


Dangers from faults in pipes occur after successive frosts from 
the expansion and eventual bursting of the pipes by the increase 
in bulk of the confined water in freezing. , [During frosts, large 
areas supplied under a constant system may be wholly without 
water, both mains and pipes (laid at improper depths) being frozen. 


Water was supplied from carts, received in all sorts of impro- 
vised receptacles, placed wherever there was room for them, thus 
introducing, in an aggravated degrec, all the dangers of the inter- 
mittent system of storage. | 


1198.— Name some towns supplied on the constant system. 
London, Eastbourne, Birmingham, Wigan, etc. 


1199.— Name some towns supplied on the intermittent system. 
Oxford, Bath, Tunbridge Wells, etc. 


1200.— Why should the poorer classes be provided with water on the 
constant system ? 


Because (1) there are no cisterns to be fouled and cleaned; 
(2) water is available at all times of the day; but it should be dis- 
tributed to every house and every storey of the house. 


1201.—Can «ny compromise or intermediate method be introduced 


Some engineers have proposed what may be called a compro- 
mise between the intermittent and constant systems. The objec- 
tion tothis plan is that cisterns are re-introduced, and their lessen- 
ed size does not remove the objections to them. 
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1202.—Enwmerate the chief disadvantages to the constant supply. 
1. The fittings required are expensive. 


2. .If from accident or carelessness the pipes are left opened 
there is great waste. The same occurs if a pipe bursts. 


[If well supervised and regulated these objections are not 
valid. | 


1203.— What are the disadvantuges of the intermittent system ? 


With an intermittent service of matter, during the intervals 
of supply, water is only obtainable from cisterns, water butts, etc. 
The objections against this system are that :—The cisterns requir- 
ed are expensive and liable to get out of order and become foul. ‘The 
cistern is often composed of material which yields dangerous im- 
purities to the water, such as lead, wood, etc., and as it is often placed 
in an inaccessible part of the house or is neglected, it becomes 
foul and remains so. (2) heir overflow pipes commonly com- 
municate with the soil pipes or some other part of the drainage, 
instead of opening into the external air.’ (3) Putrid gases, from 
neighbouring stench pipes or other parts of the drainage system, are 
liable to be absorbed by the stagnant water in the cistern, and thus 
may arise diarrhoea, enteric fever, diphtheria, etc. (4) The chief 
objection to an intermittent supply is that during the intervals 
in which the water pipes are empty, foul air and liquids from the 
contiguous soil and deans are liable to be sucked through im- 

erfect joints into the pipes. (5) Incase of fire, the supply of water 
in the cistern is soon exhausted, and no more of it is obtainable until 
the turn-cock is found; thus there is often delay at the most im- 
portant time. The importance of this evilis shown by the great 
reduction in insurance rates in Manchester, Liverpool, and other 
places, on the substitution of a constant for an intermittent service. 


Another disadvantage of the intermittent service is that the 
capacity of the cistern is often utterly inadequate, especially in 
poor houses, for the wants of the people, who depend upon it as 
their only source of supply. So great is this deficiency of storage 
capacity in many parts of London, that the water companies erect 
stand-pipes in courts and alleys, which are connected with a main 
always under pressure. 


This latter point has been disputed, as regards the pipes, on 
the ground that there is a greater strain on the pipes lier the 
water is suddenly turned on and off with a common stop-cock, than 
where it is slowly turned on or off by the screw-down tap used 
with a constant service; but it must be remembered that with a 
constant service the water in the house pipes is under a much 
lighter pressure than where the pipes are connected with a cistern 
in the house. “ 


In poor districts, the cisterns are often of a very inferior descrip- 
tion, are badly situated, and are seldom inspected or cleaned out. 
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_. So many are the objections to the intermittent system that it 
is rapidly falling into disfavour and is being replaced by the con- 
stant. Almost all new public works are constructed for the constant 
system of supply. 
1204.— What hus been A at to overcome the disadvantage of 
small, or badly-made cisterns in poor districts ? | 
To meet the objection, it has been proposed to have one large 
tank for the supply of a group of houses, the tank to be under the 
immediate inspection of the water-works officials and to be filled 
daily, and the householders to be supplied through small pipes 
constantly charged. 
| 1205.—Hnumerate briefly the disadvantages of the intermittent 
system. 
1. The cisterns required are expensive and liable to get out of 
order. 

_ 2. Their overflow pipes sometimes communicate with the soil 
pipe or some other part of the drainage system instead of opening. 
into the external air. 

3. Putrid gases from neighbouring stench pipes may be 
absorbed. 


4. During the interval the waste pipes are empty, and foul air- 
may be sucked in from contiguous soils and, drains. 


5. In case of fire the water is not to be had. 


1206.—How may the water be contaminated in the pipes by inter- 
mitient system ? 

When the pipes and mains are empty of water, especially if the 
joints be badly fitted, or if there be holes in the pipes, foul air is 
sucked in and fills the pipes and mains, and the next time the water 
is turned on these gases are absorbed and carried to the houses ; 
also if near lesky sewers, foul water may get into the water pipes 
through leaky joints or holes, and be carried into the cisterns the 
next time the water is turned on. 


1207 .— Could this happen with the constant system ? 


Not if the water is under high pressure and not flowing with 
too great velocity; but if the water flow rapidly past a hole or leaky 
joint, foul gases, foul fluids, and debris might be sucked in, or more 
probably forced in by the pressure of the surrounding atmosphere ; 
the rapid passage of the water along the pipe rarefies the air in 
the hole in question. The risk of this, however, is far greater in 
the intermittent system. 


1208 .—Whai are the disadvantages of the constant supply (a) to the 
consumer, and (b) to the water company ? 


The objections to this system are only removable failures, there 
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38 no chance of contamination except in the pipes or reservoir. The 
disadvantages are:— 


(a) To consumer.—There are none if there be “abundance’”’ of 
water, 28 to Glasgow; but if it has to be economised it is often shut 
off, and the houses get none for hours, though this is usually done 
at night. Again, sometimes a throttle valve, ferrule, pin, or pea is 
put into the house pipe to reduce its diameter, and then if the pres- 
sure be small the water only “dribbles” into the house, and one 
must wait for a couple of hours or so before enough water can be 
got for an ordinary bath; or, again, a water meter 1s put on and 
the water charged accordingly, and this leads to sparing use and 
damage to health. All these points, of course, are meant to save 
the company’s pocket, but tell against the consumer. It is best to 
have a constant service at high pressure and direct from the main— 
no cisterns, or storage tanks, or “pea” in the throat of the house 
pipe. 

(b) To the company.—The “constant” system, it is said, is 
apt to lead to great waste of water from bad fittings, fraudulent 
abstraction of water, the fittings stolen and great waste occurs before 
the theft is discovered. Al] this can be remedied by effective con- 
trol and proper appliances. 


1209.— Upon this point what has Sir GEORGE BucHANAN shown ? 


“That there is danger of in-suction if a perforation exists ina 
descending pipe, and especially at a point of constriction, even if 
the pipe is constantly full.” 


1210.— What are the causes of waste in the “ constant” system ? 


1. Escape between the main and the house; this belongs to 
the water company. 


2. Careless consumption or wilful abuse. To check this the 
company’s officers must supervise the taps and pipes, or waste 
preventors may be introduced; the company has also power by Act 
of Parliament to enter houses and see that there is nowaste, and can 
also repair fittings at the expense of the tenant. 


__ 3. Waste from improper apparatus and fittings. All fittings 
should be examined and stamped before they are sent out; and in 
some places only authorised plumbers are allowed to fix them up. 
If meters are used, do not charge for every drop, like gas, because 
the people will not use enough and fall into ill-health, sewers will 
become blocked, etc. Allow a certain quantity each day, say 
25 gallons per head, and only charge above this amount. 


1211.—How may the waste in the constant aystem be prevented ? 


By having good pipes, well jointed, good fittings to hydrants, 
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acrewed-down taps, and using Descon’s waste water meters over the 
supplied area. 


1212.— What objection is there to the use of small metera ? 


The small meters sometimes used do not act well, and, in fact, 
they are said to allow the liquid to pass through them unregistered. 
The same cannot be said of large meters. Water companies, charging 
rates, appear to have an invincible repugnance to supplying water 
on any but a very large scale by meter. For towns the preponder- 
ance of opinion is undoubtedly in favour of the constant system as 
best securing economy of water, purity, palatability, coolness, and 
personal and domestic cleanliness. 


1213.—Mention « method of economising water supplied in the 
constant system. 


That a cistern large enough to hold a twenty-four hours’ supply, 
be provided for each house and that the service pipes shall be of a 
diameter to deliver the required quantity during that time, and 
nothing more. Every cistern suppliedin this way would become 
gradually emptied during the day time and would be refilled during 
the night, and this plan is open to the great objection attuching to 
the intermittent system, and does not sufficiently provide for emer- 
gencies. [Inthe constant service there is no interceptor between the 
supplier and the consumers. Theactual amount of water consumed 
in the constant system has been calculated to be less than on the 
intermittent plan, but the waste is undoubtedly greater. | 


1214.— What ts the essential difference between the intermittent and 
constant methods of supply ? 


The essential difference between the two pluns is that in the 
first case thereis storage inthe houses for from one to three 
days; while in the latter case there is either no storage, or it 
is only on a very small scale for two purposes, viz., for water-closets 
and for the supply of kitchen boilers. It should, however, be un- 
derstood that the constant supply has not always meant in practice 
an unlimited supply, nor has it been the case that the water in the 
house pipes was always in direct communication with the water in 
the reservoirs. On the contrary, the water to the houses has often 
been cut off, particularly in places where the supply was limited, and 
the fittings not good, and where there was great waste. [Water 
should be luid on to every house, and toeach floor in the houses of 
the poorer classes. An insufficient supply leads to deficient washing 
of persons, clothes, houses, yards, streets and drains, and produces 
a lowered state of health among the population. |] 


1215.—What is Prof. FRANKLAND’s opinion in regard to the 
constant and intermittent systems of supply ? 


1. All storage of drinking water in houses is attended with 
the risk of pollution. Good water is spoiled, and bad water rendered. 
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worse by the intermittent system of supply. All drinking water 
ought to be drawn direct from the main. 


2. Under proper supervision, the waste of water is less on the 
constant than it is on the intermittent system of supply. 


3. ‘These and other advantages have led to the adoption of the 
constant system in a great majority of British towns. 


1216.—What is meant by “double supply”? Whature its ad- 
vantages and disadvantages ? 


In view of the difficulty which sometimes exists, of obtaining 
from a single source a sufficiently abundant supply of good water to 
meet the wants of a large community, it has often been proposed to 
adopt a system of double supply, 2.e., to furnish water of two quali- 
ties. It is true that for many purposes, as for extinguishing fires 
and for sprinkling streets, a water would answer which would not be 
suitable for drinking, and sucha supply might in many cases be 
easily procured, while to procure an abundance of water well 
suited for drinking would involve a large outlay, To the douhkle 
system there is no objection, if the poorer water can be drawn only 
from street-hydrants, which are under municipal control, but it is 
not practicable to supply two sorts of water to private dwellings, with 
any security that the distinction between them will be regarded; no 
domestic. and indeed no average inhabitant, will fail to use for 
all purposes that water which is most handily obtained, unless, 
indeed, it be actually repulsive to the taste. In the case of large 
‘cities, it is seldom that a single source of sufficient size can be 
found, and it becomes a question to be settled by local covusidera- 
tions whether each portion of the supply shall be distributed to & 
different section of the city, or whether the water from all sources 
‘shall be united in a common reservoir or reservoirs, and distributed 
therefrom. 


CHAPTER X. 
SANITARY LAWS RELATING TO WATER AND WATER-SUPPLIES. 


‘1217 — What are the general powers and duties of an Urban Au- 
thority under Public Health Act, 1875, with regard to 
water -supply ? 

They are given general powers for supplying district with 
water, vz., to construct waterworks, dig wells, lease, hire, or pur- 
chase water works, and to contract to supply water; to carry mains 
within and without district ; to supply water by fneasure; to sup- 
ply water to adjoining district ; to close polluted wells; to borrow 
money to carry out any of the above. 
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As general duties in this respect, they are to keep water works 
in good order and repair, and to supply pure and wholesome water ; 
in some cases to require houses to be supplied with water; to sup- 
ply water when required for public baths and for trading purposes; 
to prove: fire plugs; to prosecute persons polluting the water. 
(P. H. A., 1875, secs. 51—55.) Local authority cannot supply water 
if there is a good supply from existing company to distriot. 
(Sec. 52, P. H. A., 1875). 


Note.—Individuals may object if they are affected by the con- 
struction of water works. (Sec. 53, P. H. A., 1875.) 


1218.— What provision is made for the prevention of pollution 
of water-supplies,and what penalty attaches to persons: 
apprehended for causing pollution ? 


Section 70 of the Act which relates to this subject runs as. 
follows :—“ On the representation of any person to any local author- 
ityj that within their district, the water in any well, tank or 
cistern, public or private, or supplied from any public pump, and 
used or likely to be used by man for drinking or domestic purposes, 
or for manufacturing drinks for the use of man, is so polluted as to. 
be injurious to health, such authority may apply toa court of 
summary jurisdiction for an order to remedy the same; and there- 
upon such court shall summon the owner or occupier of the pre- 
mises to which the well, tank or cistern belongs, if it be private, or 
in the case of a public well, tank, cistern or pump, any person 
alleged in the application to be interested in the same :and may 
either dismiss the application or may make an order directing the 
well, tank, cistern or pump, to be permanently or ita ded 
closed, or the water to be used for certain purposes only, or suc 
other order as may seem to them to be requisite to prevent injury 
to the health of persons drinking the water.” 

The court may order the water to be analysed, and if the per- 
son on whom an order is made, fails to comply with the same, the 
court may, on the application of the local authority, authorise 
them to do whatever may be necessary in the execution of the order, 
and aia may be recovered from the person on whom the order 
18 made. 


1219.—What provisions are made for the inspection of water- 
supply by S.A. ? 
Every rural S. A. must, through their officers or otherwise, pro- 
vide for the periodical inspection of the water-supply of their district. 
1220,.—JVhat powers of entry are given in respect to inspection of 
water-supply in houses and premises? 
By section 7 the same powers of entry as are given by sections 
102 and 103 of the P. H. A., 1875, regarding nuisances. 
1221.— What do sections 51 to 61 of the P. H. A., 1875, deal with ? 
Sections 51 to 61 deal with the power to provide water-supply 
and the restrictions thereon. 
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32322.—What are the most important laws concerning water-auppl 
contained in the P. H. A., 1875 7 j ae, 


Those dealt with in sections 51 to 67. Local Boards may supply,. 
and in case of danger to health of inhabitants of a district for want 
of water or proper water, shall supply, water to their constituents ;. 
in case of their failure to do so Local Boards may be compelled to 
supply or may have a supply provided at their cost by a machinery 
to be set in motion by the Central Government. Local Boards ma 
require, that houses without a proper supply of water, be supplied, 
and institute such a supply at the cost of the owners, and at an 
expenditure for the water supplied not exceeding two pence per 
week or a certain maximum, to be fixed by the Local Government 
Board. (Public Health Act, 1875, secs. 51 to 67.) 


 1223.— What does section 62 of the P. H. A., 1875, deal with ? 
This section runs as follows :— 


‘“* Where on the report of the surveyor of a local authority it ap- 
pears to such authority that any house within their district is with. 
out a proper supply of water, and that such a supply of water can 
be fnrnished thereto at a cost not exceeding the water rate author- 
ised by any local Act in force within the district, or where there is 
not any local Act so in force at a cost not exceeding two pence a 
week, or at such other cost as the Local Government Board, may on 
the application of the local authority determine under all the cir- 
cumstances of the case to be reasonable, the local authority shall 
give notice in writing to the owner, requiring him, within a time 
therein specified, to obtain such supply, and to do all such work’ as 
may be necessary for that purpose. 


“Tf such notice is not complied with within the time specified,. 
the local authority may, if they think fit, do such works and obtain 
such supply, and for that purpose may enter into any contract with 
any water company supplying water within their district. The 
water rates may be made and levied on the premises by the author- 
ity or company which furnishes the supply and may be recovered 
as if the owner or occupier of the premises had demanded a supply 
of water and were willing to pay water rates for the saine, and any 
expenses incurred by the local authority in doing any such works, 
may be recovered in a summary manner from the owner of the pre- 
mises, or may by order of the local authority be declared to be 
private improvement expenses.” 

1224.— With what do sections 68, 69 and 70 deal ? 

With the pollution of streams by gas washing or sewage ; 
and section 70 with pollution of wells, tanks, etc. Sec. 70 runs as 
follows :— 

“On the representation of any person, to & local authority, 
that within their district the water inany well, tank or cistern, public 
or private, or supplied from any public pumps, and used or likely to 
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be used by man for drinking or domestic purposes, or for manufac- 
turing drinks for the use of man, is so polluted as to be injurious to 
health, such authority may apply to a court of summary jurisdic- 
tion for an order to remedy the same; and thereupon such court 
shall summon the owner or occupier of the premises to which the 
well, tank or cistern belongs, if it be private, and in the case ofa 
public well, tank, cistern or pump, any person alleged in the application 
to be interested in the same, and may either dismiss the application 
or may make an order directing the well, tank, cistern or pump to 
be permanently or epee closed, or the water to be used for 
certain purposes only, cr such other order as may appear to them 
: be requisite to prevent injury to the health of persons drinking 
the water.” 


‘The court may, if they see fit, cause the water complained of 
to be analysed at the cost of the local authority applying to them 
under this section.” 


“Tf the person on whom an order under this section is made 
fails to comply with the same, the court may, on the application of 
the local authority, authorise them to do whatever may be neces- 
sary in the execution of the order, and any expenses incurred by 
them may be recovered in a summary manner from the person on 
whom the order is made.” 


“Expenses incurred by any rural authority in the execution of 
this section, and not recovered by them as aforesaid, shall be 
special expenses.” 


1225.— What is the definition of the word “ stream” asgivenin the 
P. H. A., 1875 ? 
The word “stream ”’ is defined by section 20 as follows :— 


‘‘ Stream includes the sea to such extent and tidal waters to 
such point, as may, after local inquiry and on sanitary grounds, be 
determined by the Local Government Board, by order published 
in the London Gazette. Save as aforesaid, it includes rivers, 
streams, canals, lakes, watercourses, other than watercourses, at 
the passing of this Act, mainly used as sewers, and emptying 
directly into the sea or tidal waters, which have not been determin- 
ed to be streams within the meaning of this Act by such order as 
aforesaid.” 


1226 .—Is it the duty of Rural Authority to provide or require 
provision of sufficient water-supply, and what procedure 
1s tobe adopted for enforcing sufficient water-supply for 
such requirement ? 


It is; the law upon this point is as follows :—It shall be the 
duty of every rural sanitary authority, regard being had to the 
rovisions in this Act contained, to see that every occupied dwelling. 
heiee within the district bas within a reasonable distance an avail- 
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able supply of wholesome water sufficient for the consumption 
and use for domestic purposes of the inmates of the house. 


Where it appears to a rual sanitary authority, on the report 
of their inspector of nuisances, or their medical officer of health, 
that any occupied dwelling-house within their district has not 
such supply within a reasonable distance, and the authority 
are of opinion that such supply can be provided at a reason- 
able cost not exceeding a capital sum the interest on which at 
the rate of five per centum per annum would amount to two 
pence per week, or at such other cost not exceeding a capital sum 
the interest on which at the rate of five bag centum per annum would 
amount to three pence per week, as the Local Government Board 
may, on the application of the local authority, determine under all 
the circumstances of the case to be reasonable, and that the 
expense of providing the supply ought to be paid by the owner or 
debaved as private improvement expenses, proceedings may be 
taken as follows :— 


(1) The authority may serve on the owner of the house a 
notice requiring him within a time specified in the notice 
and nqt exceeding six months from the date of the 
service thereof to provide such supply, and to do all 
such works as may be necessary for that purpose. 


(2) If the expiration of the time so specified, the notice is not 
complied with, the authority may serve on the owner 
a second notice, informing him that if the requirements 
of the first notice are not comphed with within one 
month from the date of the service of the second notice, 
the authority will themselves provide such supply, and 
that the expense of providing the supply will in that 

‘ case be payable by the-owner or as a private improve- 

ment expense. 


(3) If at the expiration of one month from the date of the 
service of the second notice, the requirements of the 
first notice are not compled with, the authority may, 
subject as in this Act is mentioned, themselves provide 
the supply, and for that purpose they may enter upon 
the premises and execute all such works as appear to 
them necessary for obtaining a supply of water for the 
houses, and for the purposes of such entry, sections 102 
and 103 of the Public Health Act, 1875, shall apply 
until the works are completed, in the same manner as 
if an order of a court of summary jurisdiction had been 
made for the abatement of a nuisance on the premises 
and that order had not been complied with. 


(4) Any expenses incurred by the authority in providing 
such supply and doing such works may, when the supply 
has been provided, be recovered in a summary manner 
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from ‘the owner of the house, or may, at the option’'df 
the authority, be declared by their order, to be private 
improvement expenses. 


(5) Where the owners of two or more houses have failed to 
comply with the requirements of the notices served on 
them under this section, and the authority might, under 
this Act, execute the necessary works for providing a 
pds for each house, the authority may, if it 
appears to them desirable and no greater expense would 
be occasioned thereby, execute works for the joint sup- 
ply of water to those houses and apportion the expense 
as they deem just. 


The authority may, on excuse being shown to their satisfac- 
tion why the requirements of a notice served by them under this 
‘section, should not be complied with, withdraw the notice or modify 
the requirements thereof. 


Provided that nothing in this section contained shall be 
deemed to relieve the authority from the duty imposed upon them 
by the Public Health Act, 1875, of providing their district or any 
contributory place or part of a contributory place therein with a 
supply of water in cases where danger arises to the health of the 
inhabitants from the insufficiency or unwholesomeness of the 
existing supply, and a general scheme of supply is required, and 
such supply can be got at a reasonable cost. (Public Health (Water) 
Act, 1878, 41 and 42 Vict., ch. 25, sec. 3.) 


1237.—May the owner appeal against requirement to srovide 
water-supply ? 

In regard to this matter section 4 of the P. H. (W.) Act, 1878, 
states :—‘’ Where an owner of a house has been required by the notice | 
of arural sanitary authority to provide a supply of water for his 
house, and objects to such requirement on any of the following 
grounds; (that is to say,) 


(1) that the supply is not required ; or 

(2) that ‘the time limited by the notice for providing the 
supply is insufficient; or 

(3) that it is impracticable to provide the supply at a 
reasonable cost; or, 


(4) that the authority ought themselves to provide a supply 
of water for the district or contributory place in ahieh 
the house is situate, or to render the existing supply of 
water wholesome; or, 


(5) that the whole or part of the expense of provige the 
supply, or of rendering the existing supply wholesome, 
ove t to be a charge on the district or contributory 
place ; 
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be may within twenty-one days after service on him of the second 
notice, address a memorial to the authority, stating his objections, 
and in that case it shall not be lawful for the authority to pro- 
ceed with the execution of the works which they might otherwise 
execute under this Act until they have been authorised to execute 
the same by a court of summary jurisdiction or by the Local 
Government Board in manner hieretnaticr provided. 


‘ " If the objections stated in the memorial do not include either 
the fourth or fifth of the above-mentioned grounds, the authority 
may apply to a court cf summary jurisdiction for an order author- 
ising them to proceed with the works, and thereupon the court 
shall summon the owner, and, if satisfied on bearing the case that 
the objections are not well founded, shall make an order author- 
ising the authority to proceed with the works in the event of their 
not being executed by the owner within a time limited by the order. 


If the objections stated in the memorial are or include the 
fourth and fifth of the above-mentioned grounds, or either of them, 
the authority shall forward a copy of the memorial to the Local 
Government Board, who may either cancel the requirement of the 
authority or confirm the same, with or without modifications. 


If the Local Government Board confirm the requirement they 
shall issue an order authorising the authority, subject to such 
modifications, if any as they prescribe, to execute the works in the 
event of such works not being executed by the owner within a 
time limited by the order. 


Any such order may, if the Local Government Board think it 
equitable so to do, apportion the expense of providing the supply 
between the owner of the house and the authority of the district 
comprising the contributory place in which the house is situate, 
or between the owner and any other person or persons. 


Tf the Local Government Board cancel the requirement on the 
ground that the authority ought themselves to provide a supply of 
water for the district or contributory place in which the house is 
situate, or to render the existing supply wholesome, the memorial 
shall be deemed to have been a complaint of defuult made to the 
Local Government Board against the authority under the 299th 
section of the Public Health Act, 1875.” 


1228.—Do the powers of the P. H. (W.) Act of 1878, abrogate those 
of other Acts relating to water ? 


They do not; “all powers given by this Act. shall be deemed to 
be in addition to and not in derogation of any other powers con- 
ferred by Act of Parliament, law or custom.” 


1229.—May one or two part-owners or both appeal against appor- 
tionment of expenses of water-supply & 

He, or they may. “ Where the expenses of providing a joint- 

aupply-of water for two or more houses are apportioned under this 
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Act by a rural sanitary authority among owners of the several 
houses, notices of such apportionment shall be forthwith given ta 
each of such owners, and if any owner objects to the apportionment 
an unjust, he may, within twenty-one days after service on him 
of notice thereof, apply to a justice, and thereupon the justice 
May summon the authority and also the other owners, to show 
cause before a court of summary jurisdiction why the apportion- 
ment should not be varied, and the court may either dismiss the 
application or make such order st the Spor voament as to the 
court may appear reasonable.” (P.H.(W.) A., 1878, section 5.) 


1230.—May houses inrural districts be erected or re-built without 
sufficient water-supply being provided ? 

They may not. “It shall not be lawful in any rural district 
for the owner of any dwelling-house which may be erected after 
the date of the commencement of this Act, or of any dwelling- 
house which after that date may be pulled down to or below the 
ground floor and rebuilt, to occupy the same, or cauge or permit 
the same to be occupied, unless and until he has obtained from the 
sanitary authority of the district a certificate that there is pro- 
vided, within a reasonable distance of the house, such an available 
supply of wholesome water as may appear to such authority, on 
the report of their inspector of nuisances or -of their medical officer 
of health to be sufficient for the consumption and use for domestic 
purposes of the inmates of the house. 


If the sanitary authority refuse to grant such certificate, the 
owner may apply to a court of summary jurisdiction {or an order 
authorising the Occupation of the house notwithstanding the refusal 
of the certificate, and thereupon the court shall sammon the author- 
ity, and if the court after hearing the case, is of opinion that the 
certificate ought to have been granted, the court may make an order 
authorising the occupation of the house. 

Any owner who occupies a house, or causes or permits it to be 
occupied in contravention of this section, shall be liable on convic- 
tion by a court of summary jurisdiction to a penalty not exceeding 
ten pounds.” (P. H. (W.) A., 1878, section 6.) 


12312 .— What is the section of the P. H.(W.) Act of 1878 in regard 
to the periodical inspection of water-supply ? 


Sec. 7, which runs as follows :— 


“It shall be the duty of every rural sanitary authority from time 
to time to take such steps as may be necessary to ascertain the 
condition of the water-supply within their district, and the authority 
may pay all reasonable costs and expenses incurred by them for the 
purpose of taking such steps. ‘fhe authority, or any of their 
officers, or any person duly authorised in writing for that purpose 
by the authority, if they or he have or bas reasonable ground for 
believing that any occupied dwelling-house within the district is 
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without a proper supply of wholesome water, sufficient for the 
consumption and use for domestic purposes of the inmates of such 
house, shall be admitted into the premises for which such supply is 
required or from which the water-supply may be derived for the 
purpose of cake ate whether or not such house has such a suppl 
within a reasonable distance; and for the purposes of any ack 
admission sections 102 and 103 of the Public Health Act, 1875, shall 
apply in the same manner as if such admission were necessary for 
the purpose of examining as to the existence of any nuisance on the 
premises, and the person so authorised as aforesaid were an officer 
of the rural sanitary authority (section 7). 


1232 — What is the section of the P. H. (W.) Act, 1878, regarding the 
rating fur water-supply by stand-pipes ? 


Sect. 9, which is as follows :—‘‘ Where a rural sanitary author- 
ity have provided a vere te or staud-pipes for the supply of 
water to any portion of their district, they may recover water rates 
or water rents from the owner or occupier of every dwelling-house 
within two hundred feet of any such stand-pipe, in the same man- 
ner in all respects as if the supply had been given on the premises. 


Provided that if any such dwelling-house has, within a reason- 
able distance, and from other sources, a supply of wholesome water 
sufficient for the consumption and use of the inmates of the house, 
no water rate or water rent shall be recoverable from the owner or 
occupier of the house unless and until the water supplied by the 
authority by means of such stand-pipes is used by inmates of the 
house.” 


1233.—May the powers given to R. S. A, by the P. H. (W.) Act of 
1¢78, be also invested in Urban Sanitary Authorities 
in certain cases ? 


‘hey may ; for by sec. 11, ‘‘the Local Government Board may, 1£ 
they think fit. by order invest any Urban Sanitary Authority with 
all or any of the powers and duties which are by this Act given to 
a rural sanitary authority and such investment may be made either 
unconditionally or subject to any conditions to be specified by the 
Board as to the time, portion of the district, or manner during at 
or in which the powers and duties are to be exercised. 


1234.— What is the meaning of the words “ persons”, ‘stream’, 
“solid matter”, “polluting”, “sanitary authority ”, as 
given in the Rivers Pollution Prevention Act of 1876 ? 

In this Act,if not inconsistent with the context, the above 
mentioned terms have the following meanings hereinafter respec- 
tively assigned to them, that is to say, 


* Persons *—Inucludes any body of persons, whether corporate 
or incorporate : “ 

* Stream ’’—Includes the sea to such extent, and tidal w:ters 
to such point, as may, after local inquiry and on sanitary grounds, 
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be determined by the L. G. B., by order published in the London 
Gazette. Save as aforesaid it includes’ rivers, streams, canals,. 
lakes, and water-courses, other than water-courses at the passing of 
this Act, mainly used as sewers and emptying directly into the sega, 
or tidal waters which have not been determined to be streams within. 
the meaning of this Act by such order as aforesaid : 4 
“ Solid matter”’—Shall not include particles of matter in sus-- 
pension in the water : | 


Polluting ”—Shall not include innocuous diseolorations : 


“ Sanitary Authority ’"—Means in the metropolis as defined by 
the Metropolis pina charieiiy Act, 1855, any local authority acting in 
the execution of the Nuisance Removal Act for England, 1855, and 
the Acts amending the same; elsewhere in England, any U. or R. 
S. A., acting in the execution of the P. H. A., 1875. 


1335.— What ie the prohibition as toputting solid matters into 
streams ? 


This is dealt with in the Rivers Pollution Act, 1876, and the: 
section regarding it runs as follows :— 


“ Every person who puts or causesto be put orto fall or 
knowingly permits to be put or to fall or to be carried into any 
stream, so as either single or in conbination with other similar (acts) 
of the same or any other person to interfere with its due flow, orto 
pollute its waters, the solid fluid of any manufactory, manufacturing 
process or quarry or any rubbish or cinders, or any other waste or 
any putrid solid matter, shall be deemed to have committed an 
offence against this Act. ’ 


In proving interference with the due flow of any stream or in 
proving the pollution of any stream, evidence may be given of 
repeated acts which together cause such interference or pollution, 
although each act taken by itself may not be sufficient for that pur- 
pose. (Section 2.) 


1236.— What is the prohibition as to drainage of sewers into stream ?° 


“ Every person whccauses to fall or flow or knowingly permits to 
fall or flow or to be carried into any stream any solid or hquid 
sewage matter, shall (subject as in this Act mentioned) be deemed 
to have committed an offence against this Act. 


Where any sewage matter falls or flows or is carried into any 
stream along a channel used, constructed, or in process of construc- 
tion at the date of the passing of this Act for the purpose of 
conveying such sewage matter, the person causing or knowingl 
permits the sewage matter so to fall or flow or to be carried shall: 
not be deemed to have committed an offence against this Act, if he 
shows to the satisfaction of the court having cognizance of the 
case, that he is using the best practicable and available means to 
render harmless the sewage matter so falling or flowing or carried 
into the stream. 
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' Where the Local Government Board are satisfied after local 
inquiry that further time ought to be granted to any sanitary 
authority, which at the date of passing of this Act is dischargin 
séwage matter into any stream, or permitting it to be so discharged, 
by any such channel as aforesaid for the purpose of enabling such 
authority to adopt the best practicable and available means for 
rendering harmless such sewage matter, the Local Government 
Board may by order declare that this section shall not, so far as 
regards the discharge of sewage matter by such channel, be in 
ee until the expiration of a period to be limited in the 
order. 


Any order made under this section may be from time to time 
renewed by the Local Government Board, subject to such conditions, 
if any, ns they may see fit. 


A person other than a sanitary authority shall not be guilty of 
an offence under this section in respect of the passing of sewage 
matter into a stream along a drain communicating with any sewer 
belonging to or under the control of any sanitary authority, provided 
he has the sanction of the sanitary authority for so doing.” (Rivers 
Pollution Prevention Act, 1876, section 3.) 


1237.— What are the laws as to prohibition of drainage from 
manufactories into streams ? 


‘‘ Every person who causes to fall or flow or knowingly permits 
to fall or flow or to be carried into any stream, any poisonous, noxious, 
or polluting liquid proceeding from any factory or manufacturing 

rocesses shall (subject as in this Act mentioned) be deemed to 
ve committed an offence against this Act. 


Where any such poisonous, noxious, or polluting liquid as afore- 
said falls or flows or is carried into any stream along achannel used, 
constructed, or in process of construction at the date of the passing 
of this Act, or any new channel constructed in substitution thereof, 
and having its outfall at the same spot forthe purpose of conveying 
such liquid, the person causing or knowingly permitting the poisonous, 
noxious, or polluting liquid so to fall or flow or to be carried shall 
not be deemed to have committed an offence against this Act if he 
shows to the satisfaction of the court having cognizance of the case 
that he is using the best practicable and reasonable available means 
to render harmless the poisonous, noxious, or polluting liquid so 
falling or flowing or carried into the stream.” (R.P. P. Act, 1876, 
section 4.) 


1238.— What is the prohibition as to the drainage from mines into 
; stream ? 


‘Every person who causes to fall or flow or knowingly permits 
to fall or flow or to be carried into any stream any solid matter 
from any mine in such quantities as to prejudicially interfere with 
its due flow, or any poisonous, noxious, or polluting solid or liquid 
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matter proceeding from any mine, other than water in the same 
condition as that in which it has been drained or raised from such 
mine, shall be deemed to have committed an offence against this 
Act, unless in the case of poisonous, noxious, or polluting matter he 
shows to the satisfaction of the court having cognisance of the case 
that he is using the best practicable and reasonable available means 
to render harmless the poisonous, noxious, or polluting matter so 
falling or flowing or carried into the stream.”’ (Rivers Pollution 
Prevention Act, 1876, section 5.) 


1239.—What is the restriction in the proceeding under thie part of 
the Act ? 


“Unless and until Parliament otherwise provides the following 
énactments shall take effect, proceedings shall not be taken against 
any person under this part of this Act save by a sanitary authority, 
nor shall any such proceedings be taken without the consent of the 
Local Government Board: Provided always, that if the sanitary 
authority, on the application of any person interested alleging an 
offence to have been committed, shall refuse to take proceedings or 
apply for the consent by this section provided, the person su 
interested may apply to the Local Government Board, and if that 
Board on inquiry is of opinion that the sanitary authority should 
take proceedings, they may direct the sanitary authority accordingly 
who shall thereupon commence proceedings. 


The said Board in giving or withholding their consent shall 
have regard to the industrial interests involved in the case and to 
the circumstances and requirements of the locality. 


The said Board shall not give their consent to proceedings by 
the sanitary authority of any district which isthe seat of any 
manufacturing industry, unless they are satisfied, after due inquiry, 
that means for rendering harmless the poisonous, noxioug, or pollut- 
ing liquids proceeding from the processes of such manufactures are 
reasonably practicable and available under all the circumstances of 
the case, and that no material injury will be inflicted by such 
proceedings on the iuterests of such industry. 


Any person within such district as aforesaid, against whom pro- 
ceedings are proposed to be taken under this part of this Act, shall, 
notwithstanding any consent of the Local Government Board, be at 
liberty to object before the sanitary authority to such proceedings 
being taken, and such authority shall, if required in writing by such 
person, afford him an opportunity of being heard against such pro- 
ceedings being taken, so far as the same relate to his works or manu- 
facturing processes. The sanitary authority shall thereupon allow 
such person to be heard by hmself, agents, and witnesses, and after 
inquiry such authority shall determine, having regard to all the 
considerations tc which the Local Government Board are by this 
section directed to have regard whether such proceedings as 
aforesaid shall or shall not be taken ; and where any such sanitary 
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authority has taken proceedings under this Act, it shall not becompe- 
tent to any other sanitary authorities to take proceedings under 
this Act till the partyagainst whom such procosdin is are intended 
shall have failed in reasonable time to carry out the order of any 
competent court under this Act.” (R. P. P. Act, 1876, sec. 6.) 


1240.—ls the Sanitary Authority obliged to afford facilities for 
draining of factories into sewers ? 


They are: “ Every sanitary or local authority having sewers 
under their control shall have facilities for enabling manufacturers 
within their district to carry the liquids proceeding from their 
factories or manufacturing processes into such sewers. 


Provided that this section shall not extend to compel any 
sanitary or other local authority to admit into their sewers any 
liquid which would prejudicially affect such sewers on the dis- 
posal by sale, ot pce to land, or otherwise, of the sewage 
matter conveyed along such sewers, or which would from its 
temperature or otherwise be injurious ima sanitary point of view ! 


Provided also, that no sanitary authority shall be required to 
give such facilities as aforesaid where the sewers of such authority 
are only sufficient for the requirements of their district, nor where 
such facilities would interfere with any order of any court of compe- 
tent jurisdiction respecting the sewage of such authority.” (R. P. P. 
Act, 1876, section 7.) 


1241.—Has ithe Sanitary Authority power to enforce the Act ? 


Section 8 of the R. P. P. Act, 1876, states :—‘‘ Every sanitary 
authority shall, subject to the restrictions in this Act contained, have 
power to enforce the provisions of this Act in relation to any stream 
being within or passing through or by any part of their district and 
for that purpose to institute proceedings in respect of any offence 
against this Act which causes imterference with the due flow 
within their district of any such stream, or the pollution within 
their district of any such stream, against any other sanitary 
authority or person, whether such offence is committed within or 
without the district of the first named sanitary authority. 


Any expenses incurred by a sanitary authority in the execu- 
tion of this Act shall be payable as if they were expenses properly 
incurred by that authority in the execution of the Public Health 
Act, 1875. 


Proceedings may also, subject to the restrictions in this Act 
contained, be instituted in respect of any offence against this Act by 
any person aggrieved by the commission of such offence.” 


1242.— How are the legal proceedings connected with the Rivers 
Pollution Prevention Act, 1876, to be conducted ? 


Sec. 10 states:—‘* The county court having jurisdiction in the 
place where any offence against this Act is committed may by sum- 
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mary order require any person toabstain from the commission of 
such offence, and where such offence consists in default to perform a 
duty under this Act may require him to pertorm such duty in manner 
in the said order specified ; the court muy insert in any order such 
conditions asto time or mode of action as it may think just, and may 
suspend or rescind any order on such undertaking being given or 
condition being performed as it may think just, and generally may 
give such directions for carrying into effect any order as tothe court 
seems meet. Previous to granting such order the court may, if it 
think fit, remit to skilled parties to report on the ‘best practical and 
available means’ and the nature and cost of the works and appara- 
tus required, who shall in all cases take into consideration the 
reasonableness of the expense involved in their report. 


Any person making default in complying with any requirement 
of an order of a county court made in pursuance of this section 
shall pay to the person complaining, or such other person as the 
court may direct, such sum, not exceeding fifty pounds a day for 
every day during which he is in default, as re court may order ; 
and such penalty shall be enforced in the same manner as any debt 
adjudged tobe due by thecourt; moreover, if any person so in 
default persists in disobeying any requirement of any such order 
for a period of not less than a month or such other period less than 
@ month as may be prescribed by such order, the court may in addi- 
tion to any penalty it may impose appoint any person or persons to 
carry into effect such order, and all expenses incurred by any such 
person or persons to such amount as may be allowed by the county 
court shall be deemed to be a debt due from the person in default to 
the person or persons executing such order, and may be recovered 
accordingly in the county court.” 


1243.—May either party appeal from the county court for the 
removal of the case into the High Court of Justice ? 


It may. “ Ifeither party in any proceedings before the county 
court under this Act feels aggrieved by the decision of the court in 
point of law or on the merits, or in respect of the admission or rejec- 
tion of any evidence, he may appeal from that decision to the High 
Court of Justice. 


The appeal shall be in the form of a special case to be agr ef 
upon by both parties or their attorneys, and if they cannot agree, to 
be settled by the judge of the county court upon the application vf& 
the parties or their attorneys. 

The court of appeal may draw any inferences from the facts 
stated in the case that a jury might draw from facts stated by 
witnesses. 

Subject to the provisions of this section, all the enactments, 
rules and orders relating to proceedings in actions in_ count 
courts and toenforcing judgments in county courts and appea 
from decisions of the county court judges, and to the conditions 
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of such appeals, and to the power of the superior courts on such 
-appeals, shall apply to all proceedings under this Act, and to an 
appeal from such action in the same manner as if such action and 
appeal related to a matter within the ordinary jurisdiction of the 
court. 

Any plaint entered in a county court under this Act may be 
removed in the High Court of Justice by leave of any judge of the 
said High Court, if it appears to such judge desirable in the inter- 
ests of justice that such cases should be tried in the first instance 
in the High Court of Justice and not ina county court, and on 
such terms as to security for und payment of costs and such other 
terms (if any) as the judge may think fit.” (R.P.P. Act, 1876, 
section. 11.) 


1244.—ITe the certificate of the Inspector of the Local Government 
Board the best practicable means for advising on the 
subject ? 


Yes! “Acertificate granted by an inspector of proper qualifi- 
cation, appointed for the purpnses of this Act by the Local Govern- 
ment Board to the effect that the means used for rendering harmless 
any sewage matter or poisonous, noxious, or polluting solid or 
Jiquid matter falling or flowing or carried into any stream, are the 
best or any practicable and available means under the circum- 
stances of the particular case, shall in all courts and in all pro- 
‘ceedings under this Act be conclusive evidence of the fact; any 
certificate shall continue in force for a period to be named therein 
‘not exceeding two years, and at the expiration of that period may 
be renewed for the like or any less period. 


All expenses incurred in or about obtaining a certificate 
under this section shall be paid by the applicant for the same. 


Any person aggrieved by the grant or the withholding of a 
certificate under this section may appeal to the Local Government 
Board against the decision of the inspector, and the Board may 
either confirm, reserve or modify his decision, and may make such 
order as to the party or parties by whom the costs of the appeal 
are to be borne as to the said Board may appear just.” (R. P. P. 
Act, 1875, section 12.) 


1245.—What restriction is there on proceedings for offences ? 


“Proceedings shall not be taken under this Act against an 
person for any offence against the provisions of Parts II and II 
of this Act until the expiration of twelve months after the passing 
‘of this Act, nor shall proceedings in any case be taken under this 
Act for any offence against this Act until the expiration of two 
months after written notice of the intention to take such proceed- 
ings has been given to the offender, nor shall proceédings under this 
Act be takun for any offence against this Act while other proceed- 
ings in relation to such offence are pending.” (R.P.P. Act, 1876, 
section 13.) 
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1246.—How are orders as to cosis of inquiries issued ? 


“The Local Government Board may make orders as to the cost 
incurred by them in relation to inquiries instituted by them under 
this Act, and as to the parties by whom such costs shall be borne 
and every such order and every order for payment of costs made 
by the said Board under section 12 of this Act may be made a rule 
of Her Majesty’s High Court of Justice.” (R. P. P. Act, 1876, sec- 
tion 14.) 


1247.—WWhat powers have the Inspectors of the Local Government 
Board under this Act ? 


“ Inspectors of the Local Government Bourd shall, for the pur- 
pose of any inquiry directed by the Board under this Act, have in 
relation to witnesses and their examination, the production of papers 
and accounts and the inspection of places and matters required to 
be inspected, similar powers tothose which the inspectors of the 
said Board have under the Public Health Act, 1875, for the purposes 
of that Act.” (R. P. P. Act, 1876, section 15.) 


1248. —Do the powers of the Act prejudice those of other Acts im 


relation to water ? 


They do not; for sec. 16 states :--‘‘ The powers given by this Act 
shall not be deemed to prejudice or affect any other existing or vested 
rights or powers in any person or persons or Act of Parliament, law, 
or custom, and such other rights or powers may be exercised.in the 
same manner as if this Act had not been passed: and nothing in this 
Act shall legalise any Act or default which would but tor this Act be 
deemed to be a nuisance or otherwise contrary to law. Provided, 
nevertheless, that in proceedings for enforcing against any person 
such rights or powers, the court before which such proceedings are 
pending shall take into consideration any certificate granted to such 
person under this Act.” (R. P. P. Act, 1876, section 16.) 


1249.— What saving of rights of impounding and diverting water 
1e made in the Act ? 


“This Act shall not apply to or affect the Jawful exercise of any 
rights of impounding or diverting water.” (Sec. 17, R. P. P. A., 1876,) 


1250.—Under what modification Act is the R. P. F. Act, 1876, 
appilcable to Scotland ? 


In the application of this Act to Scotland the following provi- 
sions shall have effect :— 


(1.) The expréssion “Sanitary Authority” shall mean and 
include the local guthority in any parish burgh in Scotland acting 
under the P. Heafth (Scotland) Act, 1867. 

(2.) The expresion “ London Gazette ” shall mean Edinburgh 
Gazette. 

(3.) Theexpzession “the Public Health Act, 1875,” shallmean the 
Public Health (Scotland) Act, 1867, and the Acts amending the same. 
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(4.) This Act shall be read and construed as if for the expres- 
sion in “the Local Guvernment Board ”’ wherever it occurs therein, 
the expression “the Secretary of State” were substituted, and the 
expression “ the Sererety of State” shall mean one of Her Majesty’s 
Principal Secretaries of State. 


(5.) The expression “the County Court” shall mean the 
gheriffs of the county and shall include Sheriff’s substitute and 
the expression ‘“‘plaint entered in a County Court” shall mean 
petition or complaint presented in a Sheriff’s court. 


(6.) The expression. “the High Court of Justice” shall mean 
the Court Session in either division of the Inner House therefor. 


(7.) All the jurisdiction, powers, and authorities necessary 
for the purposes of this Act are hereby conferred on Sheriffs and 
their substitutes. 


(8.) The Court of Session may on the application of the Lord 
Advocate, on behalf of the Secretary of State, interpose their 
authority tgany order made by the Secretary of State as to the costs 
incurred by him in relation to inquiries instituted by him under 
this Act and as to the parties by whom such costs shall be borne 
and may grant decree, conform thereto, npon which execution and 
diligence may proceed in common form. 


(9.) An Inspector appointed for the purposes of this Act by the 
Secyetary cf State shall, for the purpose of any enquiry directed by 
the Secretary of State under this Act, be entitled by a summons 
signed by him, to require the attendance of all persons he may 
think fit to call before him in regard to the matters of the inquiry, 
and to administer oaths to, and examine upon oath, all such persons, 
and to require and enforce the production upon oath, of all documents, 
accounts, or papers in any wiee relating to such inquiry, and shall 
also have, in relation to the inspection of places and matters required 
to be inspected, similar powers to those which sanitary inspectors 
have under the Public Health (Scotland) Act, 1867.” (R. P. P. A., 
1876, Part V., sec. 2! ) 


1251 .—Under what provisions is it applicable to Ireland ? 

In the application of this Act to Ireland the following provi- 
sions shall have effect :— 

(1.) The “Sanitary Authority” shall mean any urban or 
rural sanitary authority acting in the execution of “the Public 
Health (Ireland) Act, 1874.” 

(2.) The expression “the Public Health Act, 1875,” shall 
mean the Public Health (Jreland) Act, 1874. 

(3.) The expression “the Local Government Board ’’ shall, 
mean the Local Government Board for Ireland. 


(4.) The expression “the County Court” shall mean the Civil 
Bill Court. 
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(5.) The expression “ Plaint entered in a County Court ” shall 
gnean Civil Bill process. 


(6.) The expression “the High Court of Justice” shall mean 
any of the Superior Courts of Common Law in Dublin or any judge 
thereof to whom appeals may be brought from the decision of a 
Civil Bill Court. 


(7.) The expression “the Judge of the County Court’”’ shall 
pies the chairman of quarter sessions and judge of the Civil Bill 
‘Court. 


(8.) The expression “the London Gazette ” shall be the Dub- 
lin Gazette. 


(9.) All the jurisdiction, powers, and authorities necessar 
for the purposes of this Act are hereby conferred upon the Civil 
Bill Courts and Superior Courts, and the judges of the same re- 
spectively. 


(10.) All penalties, when recovered by or on behalf, or at the 
instance of or in any proceeding instituted by any sanitary author- 
ity, or any officer of such authority, shall be paid to such sanitary 
authority, and by the same applied in aid of their expenses under 
the Sanitary Acts: and, save as aforesaid, all such penalties shall 
be a plied in manner directed by “the Fines Act (Ireland), 
ee any Act amending the same. (R. P. P. A., 1776, Part VI, 
sec. 22.) 


1252.—What is the extent of the operation of the Public Health 
(Water) Act, 1878 7 


The Public Health (Water) Act, 1878, applies to every Rural 
8. A., and also to such Urban S. A. as the L. G. B. may order 
(section 2). Every Rural S. A. shall see that every occupied 
dwelling-house within their district has, within reasonable 
distance, an available and sufficient supply of wholesome water. If 
‘the M. O. H. reports that an occupied house is without such supply, 
andthe S. A. are of opinion that such a supply can be provided at a 
‘reasonable cost (the interest of which, at 5 per cent., shall not ex- 
ceed twopence or threepence per week, as the L. G. B. may, on the 
application of the S. A., determine to be reasonable under the cir- 
-cumstances), the S. A. may require the owner (subject to appeal to 
the L. G. B.) to provide such supply within a specified time, and, in 
case of default, may themselves carry out the necessary works at 
his expense. It remains, however, the duty of the S. A. to provide 
‘any part of their district with a supply of water, in cases where 
danger arises to the health of the inhabitants from the insufficiency 
-Or unwholesomeness of the existing supply, and a general scheme 
> - ly is required, and can got at reasonable cost (sec- 

ion 3). 
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1253.—Whai are the four agencies with which the Rivers Pollution 
Prevention Act, 1876, deals ? 


It deals separately with :— 


(1) Solid matters ; 

(2) Sewage; 

(3) Trade effluents ; and 

(4) Mining effluents entering rivers. 


1254.— When may water-supply be enforced on lodging-houses ? 


When the lodging-house is without a proper supply of water, 
and this can be furnished at a reasonable rate, the S. A. may en- 
force it (P. H. A., 1875, section 81). The keeper is required to lime- 
wash the walls and ceilings in the first week of April and October 
of every year (P. H. A., 1875, section 82). The S. A. may require 
the kecper of a house in which beggars or vagrants are received, to 
make returns of persons who have slept there the previous night 
‘(section 83), and the keeper must always give notice to the Medical 
Officer of Health and to the Relieving Officer of any case of infectious 
disease (P. H. A. 1875, section 84). 


1255 —Give a list of the Acts which relate to water-supply und to 
pollution of rivera, und state the special provisions of each. 


1. The Public Health Act, 1875. 
2. The Public Health (Water) Act, 1878. 
3. Rivers Pollution Prevention Act, 1876. 


The first contains provisions (water-supply clauses) enabling 
an urban authority to provide a general supply of water for their 
‘district, to compel house-owners to avail themselves of such a sup- 
ply when provided, either in urban or rural districts. 


It vests the ownership of public cisterns, wells, reservoirs, etc., 
in the authority of the district in which they are situate Special 
and stringent powers are given to local authorities to prevent pollu- 
tion of water by gas washings, and there is a clause empowering 
them to take proceedings in the higher courts to prevent pollution 
of streams. 


Power is given to close polluted wells. Proceedings may also 
be taken to prevent nuisances, under the nuisance clauses, when 
a pool or water-course is so polluted as to be a nuisance, or in a 
state to be injurious to health. 


The Water Act gives authorities power to supply or enforce 
provision of supply & water to any portion of their district, to a 
group of houses or a single house, and to prevent the occupation 
of new houses until provided with proper water-supply. 

Right of entry is given for the purpose of ascertaining whether 
za house has a proper supply or not (an important provision omitted 
in the Act of 1875), and enjoins the duty of periodical inspection of 
water-supply: 


300 WATER. [Past 1, 


Urban authorities may be invested with powers under the 
Water Act by the Local Government Board. 


The Rivers Pollution Prevention Act consists of four principal 
parts :— 


I. Prohibiting the putting of solid matter into streams so as 
to obstruct their flow or pollute the water. 


Ii. Prohibiting drainage into streams of sewage. 


TIT. Makes it unlawful to drain any objectidnable liquids into 
streams, from factories or mines, or any obstructive or polluted 
solid matter from mines. 


IV. Relates to administration of the Law. This, as well as pre- 
vious parts of the Act, abounds with exceptions, provisoes, and 
provisions for repeated appeals which go far to make the Act in- 
effectual. 


1256.—Under what circumstances can Urban and Rural Sanitary 
Authorities supply gas and water to their districts ? 


The 38 and 39 Vict., cap. 55, sect. 51, (P. H. A., 1875,) recites that 
— ‘Any urban authority may provide their district, or any part 
thereof, and any rural authority may provide their district, or any con- 
tributory place therein, orany part ofany such contributory place, with 
a supply of water proper and sufficient for public and private purposes, 
and for those purposes, orany of them, may—(1) construct and main- 
tain water works, dig wells, and do any other necessary acts; and 
(2) take on lease or hire any waterworks, and (with the sanction of 
the Local Government Board) purchase any water works, or any 
water, or any right to take or convey water, either within or without 
their district, and any rights, powers, and privileges of any water 
company ; and (3) contract with any ; erson fora supply of water.’ 


Section 52 recites that if there is already a company supplying 
water to the district, the authority shall give the company written 
notice stating that they are desirous of supplying water, and the 
purpose for which and the extent to which the water is required, 
and then, provided the company are willing to supply the district 
with sufficient wholesome water, it shall not be lawful for the 
authority to construct other works. 


Sections 53 to 67 deal with the various provisions asto supply, 
rating, penalties, etc, but section 62, being important to rural 
sanitary authorities, we here quote it :— 


Section 62.—Where, on the report of the surveyor of a local 
authority, it appears to such authority that any house within their 
district is without a proper supply of water, and that such supply of 
water can be furnished thereto at a cost not exceeding the water-rate 
authorised by any local Act in force within the district, or where 
there is no local Act so in force at a cost not exceeding twopence per 
week, or at such other cost as the Local Government Board may, 
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on the application of the local authority, determine under all the 
circumstances of the case to be reasonable, the loeal authority shall 
give notice in writing to the owner, requiring him, within a time 
therein specified, to obtain such supply, and to do all such works as 
may be necessary for that purpose, etc., etc., etc. 


Notre.—The ridiculously small sum of 2d. per week being totally 
inadequate for the purpose named, renders this section inoperative 
in many rural districts, ruralauthorities being very averse tomove the 
central authority in these cases, as that would at once call attention 
to that which is at present oneof the crying wants of rural popula- 
tions, t.e., good water.* 


1257.— What is the object, and whatare the main points, in the 
Rivers Pollution Prevention Act (1876) 7? 


The object of this Act isto improve and preserve the purity 
and flow of rivers and streams of Great Britain. It is applicable 
to all rivers, streams, canals, lakes, and water-courses, with the 
exception of water-courses at the passing of the Act mainly used as 
sewers, and emptying directly into the sea, or into tidal waters 
not declared to be streams within the Act. The four sources of pollu- 
tion are—(a) Solid refuse of manutactories, manufacturing processes 
or quarries, rubbish and cinders, and any other waste or putrid 
matter ; (b) Sewage matter, whether solid or liquid ; (c) Poisonous, 
noxious, or polluting liquids proceeding from tactories and manu- 
facturing process ; (d) Solid or liquid matter from mines which is 
poisonous, noxious, or polluting, or interferes with the flow of the 
water. Proceedings may be taken in England aganist the person 
causing the pollution in the county court of the district, or into a 
higher court with the permission of the judge of such court. L. A. 
must take proceedings against offenders, having first obtained the 
permission of the L.G.B. Ifthe L. A neglect toact, any individual 
aggrieved may appeal to the L. G. B., who may or may not direct 
the L. A. to begin an action. Due regard wall be paid to the indus- 
trial interest involved in the case, and to the circumstances and 
requirements of the locality. This Act applies to Scotland and 
Ireland.+ 


1258.—IVhat gave County Councils the same powers as Sanitary 
Authorities regarding the Itivers Pollution Prevention Act 
of 1876 ? 

The fourteenth section of the Local Government Act, 1888, 
which confers upon County Councils the powersof S. A.’s under the 
Rivers Pollution Prevention Act; and enables the L. G B. to form 
a joint committee representing alltheadministrative countiesthrough | 
or by which a river, or any specified portion of a river, or any tribu- 








a 


*Model answer from the Santtary Record. 
From Huspanp’s Medical Police. 
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tary thereof passes, and to confer upon the joint committee sll'or- 
any of the powers of a S. A. under the Act. 


1259.— What is there peculiar about the constant supply systen of 
the East London Water Works Company ! 

The East London Water Works Company have a section in 
the Act by which the company was constituted, that every person 
supplied with water on the.constant supply system should, ‘ when 
required by the iia art A Sie ® proper cistern or other receptacle 
for the water with which he is so supplied.” This requirement of 
the company of a cistern from which water may be drawn for 
domestic purposes, irrespective of a cistern for water-closets, has 
been upheld by the Middlesex Sessions; and this company may 
refuse to supply water unless such cisterns are provided, This in 
great measure destroys the efficacy of the constant supply system.* 


1260 — What power with regard to wells does the P. H. Act, 1875, 
gwe ? 
Clause 70 of the P. H. A., 1875, gives power to close wells, tanks, 
eisterns, or pumps, if the water be polluted. 
1261.— What is the standard of purity of effluent laid down by the. 
Rivers Pollution Commission ? 
They recommend that 100,000 parts of the effluent water should 
not contain more than :— 
In solution 2 parts of organic carbon per 100,000 parts. 
0':3-——_—_—-N 
In suspense 3°0-———-~——inorganic matter. 
1-0—————— organic matter. 
1262.— What does the Rivers Pollution Prevention Act, 1876, 
demand in this respect 7 
That the best practicable and available means are employed to 
make the sewage material innoxious. 
1263.— What does the . P. P. Act, 1876, forbid as regards fluids, 
etc., entering rivers ? 
(a) Solid refuse of manufactories, manufacturing processes, or 
quarries, rubbish, and cinders, and any other waste or putrid matter ; 
(b) peweee matter whether solid or liquid; (c) Poisonous, 
noxious or polluting liquids proceeding from factories, and manufac- 
turing processes ; (@) Solid or liquid matter from mines, which is 
poisonous, noxious, or polluting or interfering with the flow of water. 


‘ 1264.—How may proceedings be taken under the R. P. P. A., 1876 ? 


Only with the assent of the L. G. B. who are tu have regard to 
the iudustrial interests involved. 





* From WHITELEGGE’s Hygiene and Public Health. 
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1268.—Jn the case of country places and villages who are ‘de 
facto’ the Sanitary Authority ? 


The poor Law guardians, that is, rural sanitary authorities. : 


1266.— What points are laid down inthe Public Health Act, 1875, 
with regard to the pollution of rivers ? 


A sanitary authority can under clauses 68, 69, protect any watur, 
course within its jurisdiction from pollution with gas or other 
sewage, but not from pollution by trade refuse. On the other 
hand, a sanitary authority can be indicted by landowners or others 
for creating a nuisance. 


1267.—Having constructed or purchased water works, what obli- 
gations are imposed on L. S. A. ? 


Those of keeping the supply of water pure and wholescme- 
(section 55 of P. H. A., 1875). 


1268.—What powers have Urban Authorities regarding the pre- 
servation of the purity of river water 7? 

Where any local Act other than an Act for the conservancy of 
any river is in force within the district of an urban authority 
conferring on any Commissioners, Trustees or other persons powers. 
for purposes the same as or similar to those of this Act (but not for 
their own pecuniary benefit), allthe powers, rights, duties, capacities, 
liabilities and obligations of such Commissioners, Trustees or other 
persons in relation to such purposes shall be transferredand attached 
to the said urban authority. 


1269.— What are the powers of Sanitary Authority regarding the 
pollution of streams by gas or sewage, and what are the 
penalties connected with such offences ? 


Heavy penalties are imposed on any person or persons pollut- 
ing any stream, pond,etc., with gas washings (section 68), and a 
local authority may proceed against any one polluting any water- 
course with sewage (section 69). A justice’sorder may be obtained 
for the closing of a well or cistern, the water of which is used, or 
likely to be used, for drinking or domestic purposes, when the water 
is so polluted as to be injurious to health. 


12'70.—State the Acts which give statutory power to Local Autho- 
rities to supply and maintain a water-supply, and to 
protect the same from pollution; and state briefly the 
general purport of thier provisions ? 
The Public Health Act of 1875, with which is incorporated 


the Water-Works Clauses Acts, 1847 and 1863, the Public Health 
(Water) Act, 1878. 


Under the Act of 1875, any urban authority may provide all 
works necessary for providing the whole orany part of their district, 


or may contract fora supply of water, and they are empowered to 
charge water rates. 
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Where a house-owner has been required by notice to lay ona 
supply from the mains for domestic purposes, the authority may do 
thé work and recover expenses. 


A rural authority may be endowed by the Local Government 
Board, with power to provide a general, and where « general supply 
has been provided, may enforce supply to houses as above without 
obtaining special powers. 

The Water-Works Clauses Acts provide powersfor making regu- 
lations to prevent waste of water, etc., etc. 


CHAPTER XI. 


PuRIFICATION OF WATER. 


rs Oe este 


INTRODUCTION—-NATURAL PURIFICATION—~ARTIFICIAL PURIFICATION. 


1271.—Under what headings may the purification of water be con- 
sidered ? 


The purification of water may be considered under the head- 
ings of Natural and Artificial Purification. 


1272.— What are the Artificial methods of purifying water ? 


Water may be artificially purified by various means, of which 
the following are the more important, viz., Oxidation, Distillation, 
Precipitation, Boiling and Filtration. ‘{'woor more of these processes 


are often brought into co-operation. 


1273.—What circumstances may necessitate the purification of 
water ? 


Excessive hardness, animal or vegetable organic matter in 
‘suspension or solution, and where there is suspicion of specific 
pollution. 


1274.—How may water be purified without filtration ? 


_ The purification of water without filtration is not carried on 
in Great Britain on a large scale except by Clark’s process. 


1275.—Briefly describe Clark’s process. 


This consists in adding a certain amount of lime water toa 
water which contains calcium carbonate rendered soluble by the 
presence of carbonic acid. Spring waters in the chalk districts 
are all more or less “hard,” and many of them contain such a large 
amount of calcium carbonate in solution as to be unfit for washing 
purposes. Such a water when it is to be rendered “soft” by Clark's 
process, is let into a tank or reservoir, where it is mixed with a 
proper proportion of lime water and allowed to settle, the whole of 
the calcium being precipitated as calcium carbonate. 
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12376.—Classify the methods by which impure waters may 


e purified ? 
Oxidation. ; 
Subsidence. 
J. Natural. og Dilution. 
Action of animal and vegctable life. 
Distillation. 


Exposure to divided currents of air. 
II. Artificial., ¢ Erecipitation. 

Boiling. 

Filtration. 

Addition of chemical agents. 


1277. —Whal is meant by Oxidation of organic constituents of water ? 


Although itis not practicable, in the case of a running stream, 
to trace the progress of the destruction of the organic material by 
oxidation. yet there is no doubt that an appreciable amount is so 
destroyed. Moreover, a considerable amount of the organic matter 
is consumed by fishes and by the microscopic animals which in- 
habit the water, or is converted into simpler compounds through 
the agency of plauts of the higher or lower orders. 


The effect of the oxygen of the air as a means of purifi- 
cation in the case of running streams is wel! known. lt 
has been proposcd to acrate artificially the water of storage 
reservoirs and other water used for domestic supply. and it is no 
doubt of advantage in the case of small uncovered reservoirs to 
arrange the outletand inlet so as to promotea continual circulation 
of the water and to avoid stagnation; beyond this it 1s doubtful if 
very much is to be gained by artificial exposure of water to the air. 


A water which contains no dissolved gases is flat and insipid, 
so much so that where distilled water is prepared for drinking, as. 
for instance, on shipboard, it is necessary to aerate the water. There 
is, moreover, no doubt that the oxygen gas which any water dis- 
solves from the air when it is in contact with it, plays an impor- 
tant part in the destruction of organic matters derived from various 
sources. 

Oxidation is a process carried on by nature for the purification 
of polluted water. It operates upon the class of impurities which, 
with one exception, have most to be feared, namely, organic matters 
liable to decomposition or already partially decomposed. The 
oxygen which is always dissolved in water exposed to the air, and 
the free atmospheric oxygen with which the organic matter is 
brought into contact by the motion of the water, combines with 
that organic matter, thereby converting it into harmless nitrates, 
nitrites, anc carbonic acid. ‘The more violent the agitation and 
amore complete the aération of the water, the more thoroughly will 
the orgauie matter be broken up and changed into these innocuous 
inorgenicforms. In this way advantage may be derived from the 
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introduction of cascades, weirs, and the like along the course of a 
conduit, or wherever else it may be convenient. The purifying 
agent isalways at hand and in superabundance, it is only necessary 
to utilise it ie bringing it into contact with the substances upon 
which it has to act. This essential contact may be encouraged by 
other means than the exposure and agitation just mentioned, but 
as they are associated with other methods of treatment. further 
reference to them will be deferred. 


1278.— What are the natural processes engaged in the depuration 
of polluted water ? 


Thereare many natural processes at work in bringingabout some 
degree of purification of water. For instance, the water of surface 
wells is merely the subsoil water that has filtered naturally through 
the superficial stratum of the soil. Surface well water may not be 

ure, but as a rule it is more so than the subsoil water itself. 
he natural processes effecting the purification of large volumes of 
water, such as those of rivers, tanks, and wells, are of overwhelm- 
ing importance, for. by means of dilution, oxidation, subsidence, and 
by the action of animal and vegetable life, Nature endeavours to 
minimise the harmful effects we have associated with impure water. 
1279.—How may we artificially effect the oxidation of water ? 

Oxidation is effected by exposing water in finely-divided cur- 
rents to the action of air. to oxidise organic matter. ‘The water 
is simply poured through a sieve, or a tin or wooden plate pierced 
with many small holes, so us to fall in finely-divided streams; or, a 
hand pump is inserted in a cask of water, andthe water is pumped 
up and made to fall through perforated shects of iron.” Oaidation 
is aided by agitation of water exposed to air. This is one of the 
chief means by which the contaminated water of rivers is rendered 
Jess harmful, for in their onward course dashing over rocks, anicuts, 
etc., they absorb more oxygen than still water. Advantage of this 
physical property has been taken in several places in Russia, where 
the water is allowed to flow down a serics of steps, passing through 
wire gauze as it does so. Oxidation rapidly removes sulphuretted 
hydrogen, offensive organic vapours, and a certain amount of the 
dissolved organic matter. 


1280.— What effect has Subsidence in the purification of polluted 
water ? 

By the physical process of subsidence, the suspended solid 
matters finding their way into tanks, etc., gradually sink to the 
bottom. This is one of the most active of the natural purifiers of large 
bodies of water. The influence of this factor is fully demonstrated’ 
by removing a little of the silt and filth from the bottom of a tank, 
or a large well, that bas not been cleared for some years. The water 
of tanks and rivers, during rainy periods, contains a large amount 
of fineclay; this gradually subaides: and in finding its way to the 
bottom, carries with it much of the suspended organic matter. 
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1281.—Doall suspended matters subside with equal rapidity ? 


They do not; chalk and sand subside sooner than clay: vegetable 
matter sooner than sewage and animal matter. The last-named bein 
in a state of very fine division and specifically lighter, falls still 
more slowly, but both are easily removed by filtration. 


1282.—To what extent does Dilution purify waters ? 


Dilution is efficacious only when large volumes of water are to 
be dealt with, and the contained impurities smal] in amount. The 
more concentrated the poisonous or harmful constituents of water, 
the more injuriously will they affect the consumers. This ma 
appear to be a truism, but it is one that is too often lost sight of, 
especially in connection with tank and well supplies when these 
sources are decreasing in volume. 


1283.— What part do fishes and plants take in the purification of 
impure water ? 


Fishes and planis ordinarily take no small share in purifying 
water, and for this purpose their presence in tanks and reservoirs 
may be looked upon as a necessity. In all large tanks a moderate 
amount of living plants is beneficial. Plants act chemically by aiding 
the oxidation of any organic matters present. 


Tank water improves during the rains by dilution with rain 
water,and “the animal and vegetable life in it preserves the proper 
balance, removes decaying matters, and prevents putrefaction to 
any great extent; at least this 1s the case in good tanks.’ (Dr. Lavip 
WALDIE.) 


Of the water-plants suited for the preservation of tank water, 
the following are the best known :—Nymphea rubra, which has 
long India-rubber-like stems, varying with the depth of water, and 
deep-red or blood-coloured runners; Vallisneria octaundra, the water- 
plant used by the Jessore sugar-refiners to cleanse their raw 
sugars.* 


In addition tothe higher order of plants, there are a large num- 
ber of cryptogamydous or non-flowering plants, such as alge, con- 
Serves, etc., which flourish in water, and generally in tanks or ponds, 
where they float about in masses, sometimes covering the whole 
surface witha thin green scum. They are harmless, in most cases 
in fact, beneficial. It is only during its decay that such vegetable 
matter is injurious to the quality of water. When clearing tanks 
or reservoirs of weeds, plants, etc., the vegetation should be en- 
tirely removed from the vicinity of the tank and not allowed to 
decay on the banks. 

Fishes prevent the overgrowth of vegetable matter, and feed 
upon the insects and crustaceans, and the dead organic matter pre- 
sent in the water. According to Ranking, destruction of fish con- 








* This paragraph applies to the waters of Indian tanks. 
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tained in large volumes of water has led to increase in the number 
of small crustaceans on which the fish had lived, rendering the 
water impure and nauseous. In such cases the remedy is to re- 
stock the tank or reservoir with fish. Of fish, the best suited for 
stocking tanks are of the carp family (cyprinida). 


The alga, as a rule, including diatoms and desmids, are of little 
account unless they increase to a great extent and decay in the 
water. The fungi-plants destitute of green or other colouring 
matter, and growing upon or in the presence of decaying organic 
substances; the infusoria, or at least some of the forms of life in- 
cluded under thishead; the bacteria,vibrios, etc.,must be looked upon 
with suspicion, as they are found in waters known to be impure. 
Tt may be remarked that the processes of vegetation in rivers and 
lakes remove nitrates from the water. 


1284.—Tabulaie wuters according to the efficiency of the filtration 
in passing through various geological strata. 


1. Chalk o. Green sand 
2. Oolite 4. Hastings sand. 
5. New red and conglomerate sandstone. 


1285.— Whai means are adrocated to get rid of organic matters ? 


1. Exposure to air ; 

2. Boiling and agitation ; 

3. Addition of common alum ; 

4, Condy’s red fluid, and astringents such as ferric chloride 
and the fruit of the Strychnos potatorum. 


1286.—Knumeraie some other methods of purification of water ? 


Among other purifying agents may be mentioned distillation, 
the exposure of water in minutely-divided currents to the air, the 
immersion of pieces of charcoal or of iron wire, and the effects of 
plants and fish. In store reservoirs, the presence of a moderate 
quantity of living plants exerts a decidedly purifying influence, 
while the destruction of fish has been followed by an excessive 
multiplication of the smal] crustacean animals on which the fish 
had lived, thereby rendering the water nauseous and impure. 
The remedy was found in re-stocking the reservoir with fish. 
(RANKINE.) 


1287 .— How may water be purified without filtration 7 


1. By exposing it to finely-divided currents of air to oxidise 
the organic matter. 

2. By distillation. 

3. By boiling. 

4. Addition of alum to the water. 

5. ‘ » hot iron* 





* This gives a chalybeate taste to the water, 
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6. Addition of Condy’s fluid. 

; 3 » vegetable infusions, especially tea. 
8. Use of Strychnos potatorum., 
9. Charring the inside of casks. 


1288.— Name another means by which natural purification of water 
is effected ? 


A great cause of purification of many waters, which otherwise 
would be unfit for human consumption,is Aération. This is effected 
by streams and rivers passing over rocks, waterfalls, weirs and other 
obstructions, by which the water becomes mechanically mixed with 
air, the oxygen of which has such a valuable purifying effect, by 
destroying the foul matter in solution. By this means, rivers that 
receive the sewage of towns, become more or less fit for human 
consumption after having passed for some distance down their 
course. 


Aération has been advocated in order to produce oxidation and 
prevent putrefaction. The ‘aquarinm’ or ‘ jet’ system is the best 
of the various methods suggested. By this means air is introduced 
in a fine state of division instead of being in large bubbles, as in the 
‘blowing’ system. 


1289 .— How has the natural oxidation tn water been tnitated ? 


For the effect of the oxygen of the air asa means of purification 
in the case of running streams, vide Chapter Il. It has been 
proposed to aerate artificially the water of storage reservoirs 
and other water used for domestic supply, and it is no doubt of 
advantage in the case of small uncovered reservoirs to arrange the 
outlet and inlet so as to promote a continual circulation of the 
water and to avoid stagnation; beyond this it is doubtful if very 
much ts to be gained by artificial exposure of water to the air. 


A water which contains no dissolved gases is flat and insipid, 
so much so that where distilled water is prep»red for drinking, as, 
for instance, on shipboard, it is necessary to aerate the water. There 
18, moreover, no doubt that the oxygen gas which any water dissolves 
from the air when it is in contact with it, plays an important part in 
the destruction of organic matters derived from various sources. 


1290.--How may water be exposed to air in divided currents, and 
what is the effect of this process in the purification of water ? 


The water is simply poured through a sieve, or a tin or wocden 
plate, pierced with many small holes, so as tocause it to fall in finely- 
divided streams, or a hand-pump is inserted in a cask of water, and 
the water is pumped up and made to fall through perforated sheets 
of tin. It soon removes hydrogen sulphide, offensive organic 
vapours, and, jt is said, dissolved organic matter. This plan has 
been used in Russia on a large scale, the water being allowed to fall 
down a series of steps passing through wire gauze as it does so. In 
Paris, also, it has been employed on the small scale. 
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1291.— What are the only methods of rendering a dangerously pol- 
luted water harmless ? 


Distillation and boiling. The Rivers Pollution Commissioners 
have expressed their opinion that all the methods of purification 
by filtration, whether carried out by water companies on the large 
scale or by the consumer on his own premises, are inadequate to 
prevent the propagation of epidemic disease by water. Theoretically 
they may be considered some safeguard, but there is “not a tittle of 
trustworthy evidence to support such a view.” 


1292 .— Describe the ordinary form of distilling apparatus ? 


It consists of a retort, the neck of which communicates with a 
spiral tube called the “worm,” placed in the vessel which contains 
cold water. The water in the retort is raised to ebullition tem- 
perature, the steam given off is condensed in the worm, and the dis- 
tilled water is collected in a receiver. 


1293.— How is the condensed vapour (steam) collected ? 


As the condensation of the steam proceeds, the water of the 
cooler becomes heated, and must be renewed ; for this purpose a 
tube descending to the bottom of the cooler is supplied with a 
continuous stream of cold water from above, while the superflu- 
ous wuter flows out by the tube at the upper part of the cooler. 
In this way the warm water, which rises to the top, is continually 
removed. ‘The boiler is filled about three-quarters full, and the 
water in it can from time to time be renewed by the opening 
above; but it is advisable not to carry the process of distillation 
toe far, and to throw away the liquid remaining in the boiler when 
its volume has been reduced to a fourth ora fifth of what it was 
originally. In exceeding this limit we run the risk of impairin 
the purity of the water by the carrying over of some of the soli 
matter contained in the liquid in the boiler. 


1294 —Siate briefly how distilled water is prepared. 


By vaporising the water or converting it into steam by means 
of heat, and then condensing it again by the aid of cold. [Distilled 
water is “ vaporisation, plus condensation.” | 


1295.— Under what circumstances is distilled wuter waed ? 


Distillation of water is practised on boardship from sea water, 
and in certain places where there is great scarcity of rainfall. By dis- 
tillation water is rendered almost absolutely pure. [In India and 
Great Britain this process has served no part in connection with 
the hygiene of water-supply, but we are of opinion that when 
the source of a water is impure and the impurities of an organic 
nature, distillation might with advantage be carried out on a small 
scale by means of a block tin apparatus. We have used such @ 
vessel for some time in our analytical laboratory, and have every 
reason to be satisfied with the results. It might be used for 
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‘drinking water only in private houses. Almost any form of appa- 
ratus will suffice, ie fuel can be procured, to obtain cnough water to 
support life; and if even the simplest appliances are not attainable, 
the mere suspension of clean woollen clothing over boiling water 
will enable a large quantity to be collected At sea, salt water is 
sometimes mixed with the distilled water from the priming of the 
boilers, and occasionully, from decomposition of magnesium chloride 
(probably), a little free hydrochloric acid passes off. This can, if 
necessary, be newtralised by sodium carbonate.* On the coast of Chili 
and Peru (where it never rains) the sea water is regularly distilled 
for domestic use. | 


1296 .— How is the distillation of sea water carried out ” 


The water is evaporated in a special apparatus and the vapor 
collected. rejecting the first part which comes over, as this is always 
impure. Distilled water is very “ flat” in taste, owing to its con- 
taining no dissolved gases. It can be aérated by letting it drop a 
considerable distance from one cask into another, through small 
openings in the upper one, and by filtration through charcoal after- 
‘wards. [Non-aérated water is not so easily absorbed into the system 
as ordinary water, and occasionally causes illness. | 


1297 .-—Mention places where distillation 18 used as a means of 
purification. 


On boardship, by the evaporation and condensation of the sea 
water—the xalts do not ascend with the water. 


On the coast of Peru and Chih (where it never rains), water is 
regularly distilled for domestic purpoxes. 


1298.— What iw the best plun of rendering uw water known to be 
polluted fit for use ? 


By distillation ; this is undoubtedly the best plan, for if pro- 
perly carried out all danger is got rid of. It has been suggested 
that foul gases may be brought over from dirty water, and that 
‘even bacteria or their spores may be transmitted; this is doubtful. 
An outbreak of diarrhoea among H. M. ships in the harbour 
of Valetta (Malta) was attributed to impurities in the water 
distilled from the not over-clean water of the Grand Harbour. 
The distilled water was also complained of as “ going bad”’ very 
quickly in the Soudan campaign; but there the dirty water of the 
harbour of Suakim was used, andin xuch a case there is great 
danger of the original water getting in if the apparatus leaks or is 
in any way out of order. All distilled water should be tested with 
afew drops of dilute nitric acid and silver nitrate; if no haze 
appears, then the watar may be considered safe: all other waters 
will give evidence of the presence of chlorine, by the formation of 
® precipitate, turbidity, or haze according to the amount; and so 





* Parkes’ Practical Hygiene, 7th Ed. 
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will distilled water (so-called), if it has been contaminated during 
the process of distillation, or by being received in vessels not per 
fectly clean. 


1299.— What caution is necessary ? 


Care should be taken that no lead, zine, or copper finds its way into 
vhe distilled water. Many cases of lead poisoning have occurr 
en board ships, partly from the use of miniwm (lead sulphide) in the 
apparatus, and partly from the use of zinc pipes containing lead in 

ir composition. If possible, block tin should always be used. 


1300.— What are the disadvantages connected with the composition 
of distilled water, and how may they be remedied ? 


As distilled water is nearly free from air, and is therefore 
unpalatable to some persons, and is supposed to be fies Satie it 
may be aérated by allowing it to run through a cask, the bottom o 
which is pierced with fine holes, so as to expose the water to the air. 
Plans for atrating the water distilled from sea water have been 
proposed by Normandy and others, and are used in many steamers, 
Organic matter, at first offensive to taste and smell in distilled 
water, can be got rid of by passing it through a good filter, or by 
keeping three or four days, or by the addition of a little per- 
manganate solution. 


1301.— How does distillation affect the palatability of water ? 


It renders it insipid from absence of gases and salts. This 
non-aération may be remedied «on board ships it is now aérated on 
its passage from the boiler to the tanks, by allowing it to pass 
through perforated tubes. 


1302.—What are the effects of distillation ” 


Distilled water has an unpleasant taste, and is said to be indi- 
gestible from its want of aération. This can he remedied by 
exposure to the air in finely-divided currents, as. for instance, by 
letbing it fall through a sieve. Distillation is the most universally 
epee mode of purification. Even sea water can be utilised in 
thik way. 

1303 .— Does distillation completely purify water ” 


It removes all the solid impurities, but all the volatile gases, 
CO,, NHs. etc., remain. 
13804.—Flow may a water of known impurity of a dangerous 
aature be made harmless ° 
Distillation and boiling are the only methods of rendering a 
dangerously polluted water harmless. 
1305 .— Discuss the purifying influence of boiling un water ? 
Of all processes of purification, that of boiling is by far the 
most certain. With regard to its effects as a safeguard against 
diseases produced by microbes contained in water. we may state 
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that, “in order to render our safety from micro-organisms practi- 
cally absolute, it is only necessary to have our drinking water 
boiled. Many persons have a prejudice against boiled water ih 
consequence of its flat and insipid taste, but these undoubted 
defects may be easily remedied by passing the boiled water when 
cool through any ordinary household filter, which will impart to the 
water its original freshness and palatability. In fact, nearly all the 
terror which micro-organisms are justly capable of ae aa melts 
away when we remember that we can effectually combat them 
heat. Thus milk and water, each of which may be infected wit 
hurtful microbes, capable of doing so much mischief to mankind, 
can be rendered practically safe by merely submitiing them to 
the process of boiling. Indeed, it cannot be widely known, that 

erhaps the two most effective private measures which can be taken 
In avoiding zymotic disease, corsist in boiling all our milk and all 
our drinking water. By insisting upon these simple operations 
being systematically carried out, every family can render itself in- 
ie) ager of the purity of our public milk and water-supplies, the 
safety and wholesomeness of which are altogether beyond the 

ower of private individuals to control.”"* [It may he interesting to 

now that the insipid taste given to water by boiling is remedied 
by the addition of a little lime juice or sugar, or both. ; 


Water containing much organic matter should never be used 
for drinking purposes without previous boiling; especially is this 
the case when there is an epidemic of cholera or enteric fever in the 
town or district. By boiling the water, we reduce to a minimum 
the possibility of the disease attacking ourselves. It not only 
destroys the organic impurities, but also causes a precipitation of 
much of the dissolved mineral matter. | 


1306.—Whut are the advantages of boiling as a means of purifica- 
tion of water ? 


This plan is best next to distillation: it gets rid of calcium 
carbonate, iron in part, and hydrogen sulphide, and lessens, it is 
said, organic matter. TyNDALL’s experiments have shown that there 
are stages in the life of bacteria during which they can resist almost 
any moist heat. Hut as they soften before propagation « solution 
can be successfully sterilised hy repeated boilings, so as to attack 
the several crops of bacteria in their vulnerable condition. Most 
fungus spores are killed by boiling. On the whole we may take it 
that water, cven only once boiled, is in all likelihood safe, and, if 
repeatedly boiled at intervals, absolutely so. 


1307 .—Js boiling of much use inthe purification of polluted water ? 


This is one of the safest methods of purifying water, particu- 
larly of destroying disease germs, although very grext heat fails to 
destroy some. Prof. Tynpa.i’s experiments showed that this is 
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‘obviated by carrying out the boiling process at different intervals of 
time, and so effect a sterilisation of the water. This process catches 
the orgunisms at the different stages of their development. 


1308.—State briefly the effects of boiling on water. 


Boiling will remove temporary hardness and destroy all microbes, 
‘and therefore all specific contagia. Some of the organic matter is 
carried down with the calcic carbonate. Boiled water tastes flat, 
and needs aération like distilled water. Lime is thrown down more 
‘completely if sodic carbonate is added. 


1309.— /f it is absolutely impossible to avoid the use of “ suspicious” 
water, what precautions should be adopted ? 


To carefully collect, store, boil and filter it. Filtration will 
remove all the gross impurities at least. 


1310.—Can these defects be remedied, and how? 


They can, by causing it to flow through a cistern at some length, 
the bottom of the cistern being pierced with smal] holes to expose 
the water to the air. 


1311.— What special salt is removed by boiling ” 


Calcium carbonate if present is removed by boiling,in which 
case it is deposited as an incrustetion on the inner surface of the 
kettle or boiler. [As regards the CO, in water, there is an objection 
to this method, as the heat decomposes the calcium and magnesium 
bicarbonates, and therefore the amount of CO, evolved is greater 
than existed in the water as free carbonic acid. On the other hand, 
it is impossible by heat alone to obtain all the oxygen and nitrogen. 
Boiling will remove temporary hardness and destroy all microbes, 
and therefore all specific contagia. Some of the organic matter is 
carried down with the calcic carbonate. Lime is thrown down more 
completely if sodic carbonate is added. Suspicious water should 
always be boiled before being used. | 


1312,— What is the effect of the boiling on the luardness of water, 
and how does it produce this effect ¢ 


The CO, gas is driven off and the calcium and magnesium salts 
which it held in solution are precipitated. The hardness lost, there- 
fore, represents the amount of salts deposited plustheCO, itself which 
has been evolved. 


1313.—For what purposes are such chemical substances as lime and 
sae alum used ¢ 


For the purpose of purifying the water. [The effect that such 
produce is a mechanical one, the various matters in suspension, 
oth organic and inorganic being thrown down with the precipitate 
which is formed on the addition of the material. The organic 
matter in solution remains unaffected by the process. ] 
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1314.— For what are chemical processes in connection with water 
chiefly used ? 


Chemical processes are for the most part intended to remove 
excess of lime. Hard water may be softened, and at the same time 
deprived of all suspended matter, organic or mineral, by adding 
about 5 grains of alum per gallon. Calcium sulphate and a bulk 
precipitate of aluminic hydrate are formed, and carry down suspend- 
ed matters. If no calcium carbonate is present, calcium chloride 
and sodic carbonate must be added previously. Perchloride of iron 
(2% grains per gallon) acts similarly. 


1315.— What wre the most common chemical ugents used in 
effecting the precipitation of impurities froin water ? 


Various chemical agents are used in effecting the precipitation 
of impurities. The following are among the most important :— 
Alum ; lime; preparation of iron ; permanganate of potash. ete. 


1316.—How does alum act ? 


The aluminious salts are, very serviceable in removing sus- 
pended organic matter. if carbonate of lime is contained in the 
water. The addition of alum causes the formation of calcium sul- 
phate and aluminium hydrate, both of which fall to the hottom, 
carrying with them other impurities. The amount of alum re- 
quired is about 5 grains to the gallon. It is doubtful, however, as 
to whether alum has much effect on dissolved organic matter. If 
the water is not hard, a little carbonate of soda should be added in 
order that a precipitable substance may be formed. The action of 
alum on a turbid or muddy water is very striking—‘0001 per cent. 
of it renders such water clear. Carbonate of soda, if added to water, 
throws down calcium carbonate, especially if the water is boiled. 
This agent has been used in India for precipitating the impurities 
of water for many centuries. [The carbonate of lime becomes the 
sulphate, and this, with the aluminium hydrate produced, entangles 
the organic matter and carries it to the bottom Aluminous salts 
are found to be very efficacious in removing suspended matters, 
whether organic or mineral. It combines with any suspended 
organic matter and precipitates it; this action is more vigorous if 
lime is present in the water. It is much used in China, where the 
turbid waters of the large rivers are extensively drunk after the 
addition of a little alum. When added to water containing chalk 
in solution, it forms a bulky precipitate of aluminium hydrate, 
which falls to the bottom, carrying with it suspended and floating 
matters. 


1317.—Does alum affect the orgunic matter in solution ? 


It has little or no effect on organic matter in solution in the 
‘water. 
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1316.— What affect has the immersion of iron wire and magnetic 


onide of tron on water ? 


This plan is said to decompose organic matter. Charcoal and 
ferric oxide are sometimes mixed, 


1319.— What effect has the immersion of red-hot tron or steel (such 
as the heated blade of a knife) on water ? 


Red-hot iron. decomposes water into H and O, the O in the 
“nascent” state, oxidising any organic matter that may be present. 


1320.— IWhat is the effect of adding perchloride of iron to water ? 


It has been found that the water of the Maas in Holland, which 
is turbid from clay and finely-suspended organic matters, and gives 
rise in consequence to diarrhoea, is completely purified by the 
addition of perchloride of iron in the proportion of about 2} grains of 
the solid perchloride to 1 gallon of water. Itis a powerful oxidising 
agent.* 


1321 .— What special chemical salt may be weed us an oxidising 
agent upon the organic matter contained in water c 


In connection with oxidation we may mention the use of 
Condy’s fluid, which is a solution of permanganate of sodium or 
potassium. It is a powerful oxidising chemical salt, and is, at 
times, exceedingly useful in ridding water of the dangers ussociated 
with contained organic matter. ‘“‘ Pure Condy’s fluid readily re- 
moves the smell of sulphuretted hydrogen, and the peculiar offen- 
sive odour of impure water that has been kept in casks and iron 
tanks.” Its action on organic matter varies with the nature of this 
impurity. Insome cases much of the animal and vegetable organic 
matter is rendered innocuous, in others the action is somewhat 
uncertain. The use of permanganate of potash frequently gives 
rise to a ycllowish tint in the water, due to finely-divided peroxide 
of manganese in suspension This does not interfere with the 
wholesomeness of the water. <A little alum will carry down the 
suspended matter. Filtration effects the same object. There ap- 
pears to be no doubt but that if the impurity of water depends 
npon organic matter the use of the permanganate solution consider- 
ably reduces the dangers associated with its consumption. When 
n little Condy’s fluid is added to pure water, it gives the water a 
beautiful purple colour, which colour is permanent. If organic 
matter is present in the water. however, the purple tint is soon 
lost, and will not remain permanent, until all the oxidisable organio 
matter has been thoroughly oxidised. 


‘There are many cases in which it is very useful; and as the 
permanganate certainly removes smells and oxidises in the cold to. 


~ aoe — — ener 
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some extent, it is a very good introduction to the alum process, 
and does work which alum alone will not do. But it cannot be 
considered a complete purifier of water from all organic matters. 
Its oxidising power is, however, often useful in cleaning charcoal 
filters, as will be presently noted. If it forms a precipitate of 
manganic oxide, it also carries down suspended matters; but the 
formation of this precipitute is very uncertain. The action on the 
dissolved organic matters will, of course, vary with the nature of 
the substance; some of the organic matters, both animal and vege- 
table, will be oxidised; but in the cold it will not act upon the 
whole of these sulstances, and some organic matters are not 
touched.* 


1322.—IWhat are the advantages of Coudy’s fluid ? 
It is pleasant, odourless. non-poisonous and convenient to use. 


1323 .— Whatare thechief objections tothe use of permanganate of 
potash as a purifying material ? 


One objection to the use of the permanganate is that it often 
communicates a yellow tint to the water. arising from suspended 
finely-divided peroxide of mangancse. This 1s probably of no 
moment as far as health is concerned, but it is unpleasant. Some- 
times the addition of a little alum will carry down this suspended 
matter; boiling may be used, but often hax no effect. Sometimes 
nothing removes it but filtration.* 


1324.— What are the indications forthe use of permanganate of 
potassium ° 


In the case of any foul-smelling or suspected water, add good 
Condy’s fluid, teaspoonful by teaspoonful to three or four gallons of 
the water, stirring constantly. hen the least permanent pink 
tint is perceptible, atop for five minutes; if the tint is gone, add 30 
drops, and then,if necessary, 3(¢ more. Now allow to stand for six 
hours; and then add for each gallon six grains of a solution of 
crystallised alum, and if the water is very soft, a little calcium 


chloride and sodium carbonate, and allow to stand for 12 or 
18 hours.* 


1325.— What is the effect of Condy’s red fluid ? 


It removes bad smells and probably some organic matters as 
well, by oxidation, as it readily gives up its oxygen: it may also 
form a precipitate of manganic oxide, and thus carry down organic 
matters. It may be used in foul-smelling waters, by adding a tea- 

fal to 8 or 4 gallons and stirring constantly till a permanent 
is is left for five minutes; after this, filter through animal 
charcoal. 





* Parkes’ Practical Hygiene, 7th Ed, 


318 WATER. [parr I, 


1326.—Whatie the use of Condy’s fluid as regards the quality of 
water ? 
It serves both as a purifier and as a test of purity. 


1327. —In what simple way may Condy’s fluid be used as a test of 
purity ? 

Condy’s fluid added to pure water gives the water a beautiful 
purple colour, which remains unaltered. But, if organic matter be 
present in the water, the purple tint is soon lost, and the Condy’s 
fluid will not again show its purple hue on addition to the water 
until the organic matter has been thoroughly oxidised. 


1328. — What do you do before adding the solution ” 
Acidulate the water with a few drops of Lydrochloric acid. 


‘ 


{ 


1329.—How long should the colour remain if the water be pure? 


For at least five minutes ; if gone before this time, more must 
be added till the colour is pretty permanent; the amount required 
and the rapidity of discolourisation will indicate the nature and 
amount of the organic matter present. 


1330.—Whai effect has the organic matter on the permanganate 
of potash of the Condy’s fluid ? 
It dioxidises the organic matter, taking part of its oxygen, 
and being converted into manganate of potassium. 


1331.—How are organic matlers best removed or treated ? 


Organic matters insolution are best treated with potassium 
permanganate or Condy’s red fluid. It readily removes any offen- 
sive odour arising from water kept in casks and oxidises at least 
a portion of the organic impurities which may be present, but as 
alluminium is only slightly affected by it without the aid of heat, it 
cannot be regarded as a reliable purifier of watcr tainted with 
animal impurities. 

1332.— What are the properties of KMNO, in purifying water ? 


Potassic permanganate destroys effluvia and oxidises much of 
the organic matter in solution and suspension. Living organisms 
are for the most part unaffected by the quantities admissible in 
such a process. The permanganate should be added until a persist- 
tent faint pink tinge appears; it is advisable to supplement it by 
alum purification.* 


1333.— What are the advantages of using Condy’s' fluid ? 
It is simple, facile, does not impart any taste tothe water and 


it is non-poisonous. It is added at short intervals untila faint pink 
colour remains permanently. 
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1334.— What are the ways in which potassium permangenese may 
be used in testing water ? 


1. For roughly indicating the amount of organic matter present 
by the time in which change of colour is produced. 


2. In combination with alkalies, as alkaline Poruianeanate ins 
the albuminoid ammonia process of Wanklyn and Chapman. 


3. In the presence of sulphuric acid, in which the amount of 
organic matter is expressed in terms of “ oxygen required” to 
oxidise it. 


1335 — How does the addition of vegetable astringents act ? 


By coagulating albuminous bodies and organic matter in the 
water. 


L336.—How does the immersion of certain vegetable astringents- 
in water affect it ? 


The immersion or boiling of certain veyetables, especially those 
containing tannin, such as tea, kino, the Laurier rose (Neriwn 
oleander, which is rubbed on the inside of casks in Barbary), 
bitter almonds (in Egypt) purify water containing organic matter 
by forming an inert organic compound, a vegetable albuminate. 


1337 .— What is the Strychnos potatorun and how is it used ? 


In India the fruit of the Strychnos potutorum is used, especially 
by the better class of Hindoos, to purify water. It is beaten into a 
paste, and rubbed on the inside of the water jaror cask. Dr Mouan 
says that it is chiefly used for the river water at the season when 
it is laden with silt, and that about 30 grains are used for 100 
gallons of water, which act in twenty-four hours. Its action ap- 
pears to be on suspended matters, which it possibly carries down 
by giving to the water a delicate albuminous coagulum, so that it 
purifies water on the same principle as_ beer is fined. Dr. O’Shaugh- 
nessy thought its action was connected with its astringency. Some 
experiments on its action were made at Netley, but without any 
satisfactory result. It did not even clear the water thoroughly 
from suspended matters, and it had no effect on the amount of 
nitrous acid, ammonia, orof oxidisable organic matters, as far as 
these could be judged of by potassium permanganate. Renewed 
experiments are, however, necessary.* 


1338.— Has charring thecontaining vessel any effect in purifying 
water ? 


It has: charring the interior of casks may be mentioned here as 
& means of artificial purification. This practice would enhance the 
purity of water stored in wooden cisterns. 
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1339.— Name another method of effecting the purification of water 
without filtration ? 


That of agitating the water with sinall fragments of coke, 
spongy iron or scrap iron, which purifies it from micro-organisms. 

P. F. FRANKLAND’S experiments seem to show that agitation with 
small fragments of certain substances effectually purifies water from 
organisms. Coke has a powerful influence, and so has spongy iron. 
Later, ANDERSON has shown that scrap iron is equally efficacious, so 
much so that it is now used at Antwerp in extensive water 
purification works instead of spongy iron. 


1340.— What 1s the origin of H, S in water 7? 


Decaying organic matter dioxidise any sulphates contained in 
the water; the O of the H, SO, or sulphate combines with the 
carbon of the organic matter to form CO, while the 8 unites with’ 
the H to form H, 8. 


1341.— What other erplanation is given regarding the occurrence 
of H,S in water ? May sulphides arise in water ? 


Sulphides are said to result from the reduction of sulphates by 
Beggiatoa, and perhaps from contact with iron pyrites. Carbonic 
acid likewise liberates sulphuretted hydrogen from sulphides. 


Hydrogen sulphide sometimes occurs in water as a consequence 
of the decomposition of sulphates by organic debris, even by the 
cork of the bottles used in collecting samples, the SH, being after- 
wards liberated by carbome acid. In some mineral waters 
(Marienbad) hydrogen sulphide appears when alge are in the water, 
bunt not without. 


1842 .— How does sulphuretted hydrogen and marsh gas gain access 
towater £ 
Sulphuretted hydrogen or marsh gas may he found, the former 
due to mineral sulphides such as pyrites, cr to decomposition of sul- 
phates WY organic matter, the latter to fermentation of vegetable 
matter in stagnant pools, or to pollution by coal-gas. Traces of 
ammonia are usually present under the latter circumstance. 


1343.— How may we recognise H,S in water ? 
1. By its characteristic offensive (“ rotten egg’) smell. 


2. By the black streaks on the surface of the water produced 
by the addition of a few drops of a solution of acetate of lead. 


3. By the addition of a solution of NaOH and the one of nitro- 
prusside of sodium, producing a violet purple colour. ['The nitro- 
prusside acts only on sulphides. ] 


1344.— May the Pree of carburetted hydrogen be easily aveer- 
tai 


It cannot be readily detected if in small quantity in water, but 
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Tiemann says that warming the water to 110° Fahr. (44° C.) will 
enable the smell to detect coal-gas, when chemical re-agents fail. 
Generally there are other impurities, especially if it be derived from 

as impregnation. In larger quantity it sometimes bubbles up from 
the water of stagnant pools, particularly if there be much vegetable 
matter ; and, in the cases of some natural springs in petroleum dis- 
tricts, can be ignited. 


1345.—Is the volume of a given gas dissolved in water ata given 
temperature always the same ? 


It is generally found to be approximately the same at all pres- 
sures, and the ratio of this volume to that of the water which dis- 
solves it, is called the co-efficient of solubility, or of absorption. 


1346 .—Does distillation render impure water absolutely pure ? 


It does not ; it leaves the solid residues below, but the vapour 
takes with it the CO,, NHg, and volatile bases. 


1347.— What are the characters of natural well aerated waters ? 


Well aérated waters are bright, lustrous, and agreeable to the 
palate. This is especially the case with water from wells or springs, 
of medium depth, in calcic carbonate formations— the low temperature 
and greater pressure combining to increase the charge of carbonic 
acid. The absence of dissolved gases in distilled water renders it flat, 
dull and unpleasant to taste. 


1348 .—7 0 what do aerated waters owe their characters ? 


The various forms of aerated water (of which soda-water may be 
taken as the type) owe their sharp characteristic taste and sparkling 
appearance to the carbonic acid they contain. 


1349.— What amounts of the gases enumerated in the answer are 
absorbed by 1 litre of waterat 59° F. and 30 inches of 
mercury pressure ? 


Litres. 
Ammonia : ; : ; , 782°7000 
Hydrochloric acid . ¢ . : 457°8000 
Sulphurous acid . : ‘ ; ; 435°564.2 
Ce acid : : : ; : 1-0000 
Oxygen : : , 00148 


1350.— How may coal-gas find its way into wells or water pipes ? 


Coal-gas passing into the ground from leaking of gas pipes 
sometimes fleds its way into wells, or even into water pipes. In 
Berlin, in 1864, out of 940 public wells, 39 were contaminated by 
admixture with coal-gas. A good instance is related by Mr. Harvey, 
where the main pipes were often empty and gas penetrated into them. 
Having regard to the cases in which gases from the soil (from leak- 
Mg gas pipes, sewars, etc.) find their way into water pipes, it would 
21 


822 WATER, [paRr 1, 


seem important not to lay down water pipes near any other, or, what’ 
is better, have all gas pipes in sub-ways where they can be inspected.* 


1351.— How is aerated water prepared ? What are the points of 
hygienic importance in connection with these waters ? 


Aérated water is prepared as follows:—Carbonic acid is gener- 
ated by the action of sulphuric acid on chalk, sulphate of lime being 
left behind. The carbonic acid is forced into the water which dis- 
solves about five times its volume of the gas. [It is merely a solution 
of carbonic acid in water under high pressure. Real soda-water has 
30 grains of bicarbonate of soda to the pint, and should only be used 
medicinally. | 

We have seen an instance in which aérated waters were pre- 
pared from the unfiltered water of a marsh pond. An analysis of 
this water showed an abundance of dead animal and vegetable life, 
as well as dismtegrating animal and vegetable debris. 

The use of aerated waters, prepared from unfiltered, impure 
water, is no less dangerous than the use of the impure water itself. 
We repeat this assertion, as there is an erroneous impression abroad 
that aerated waters have a self-purifymg property. This is a delu- 
sion. <Acrated water factories should be thoroughly supervised by all 
local municipal authorities, and the filtering apparatus of these estab- 
lishments carefully seen to. We feel convinced that it is much safer 
to use pure, filtered: drinking water, than the aerated waters generally 
met with. This may not apply to those of large municipal towns 
and cantonments, where such manufactories are strictly superin- 
tended, but it certainly does to small towns and municipalities, where 
strict supervision is absent. 


CHAPTER XII. 


FILTRATION OF WatTER. 


1352.—IWhat wre the general means adopted in the filtration of 
water ? 

Filtration may be carried out either on a large or on a small 
scale. On a large scale it is conducted in the filter beds of public 
water works, in which case sand is the chief filtering medium; and 
ona small scale it is carried on in domestic filters, in which the 
filtering material varies. 

1353.—Do all natural waters require filtration before being 
used ? 

There are very few waters that do not require some form of 
artificial purification, before being used for drinking purposes. 
Rain water, if collected pure, water from mountain streams, primary 
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springs, and well-preserved deep wells (if remote from inhabited 
houses), may be used without any preparation. So may that from 
the water works of most large towns, the water of these works 
having been tolerably well prepared by filtration before final dis- 
tribution. In all other cases the water should be subjected to some 
form of purification before being used. It is positively dangerous 
to drink the water drawn from the large majority of superficial 
wells we see within small towns and villages, without previously 
boiling and filtering it. 
1354.— How do filters effect the purification of water ? 


Some filters act; merely mechanically ; others both mechani- 
cally and chemically. 


1355.—How do the majority of these filters act ? 


Both mechanically and chemically. The latter is effected in the 
oxidation of the organic matters. These filters remove both the 
suspended and dissolved matters, both animal and vegetable. The 
action m all is hmitedif the amount of organic matter in the 
water is large, and they require periodical cleaning. 


1356.— What are the essential conditions necessary to constitute a 
good filter ? 


1. That every part of the filter shall be easily got at, for the 
purposes of cleaning, or of renewing the medium. 

2. That the medium have a sufficiently purifying power, and 
be present in sufficient quantity. 

3. That the medium yield nothing to the water that may favour 
the growth of low forms of life. 

4.) That the punfying power be reaxonably lasting. 

5 That there shall be nothing m the construction of the 
filter itself that shall be capable of undergoing putrefaction, or of 
yielding metallic or other impurities to the water. 

6. That the filtering material shall not be hable to clog, and 
that the delivery of the water shall be reasonably rapid.* 


1357.—IWhat are the various questions arising out of these six 
requirements of a good filter ? 


The first of these conditions obviously sets aside all filters of 
the older, and what used to be the usual, pattern, where only 
a small layer of filtering material was present, which was 
cemented up so as not to be reached without breaking open the 
apparatus. 

The second condition is fulfilled, so far as filtering power is 
concerned, by a number of media; with regard to bulk of material 
this is also fairly well attended to in the filters when loose material 
is used,—but where solid blocks are employed the size is often 
quite incommensurate with the work they are called upon to do. 


* PaRKES’ Practical Mygiene, 7th Ed, 
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The third condition is complied with by spongy iron, good 
samples of carferal, and some other materials,—but not by animal 
charcoal in the loose condition. As solid blocks, animal charcoal 
seems to yield less ae RUey to water than in the granular condition. 

The fourth condition depends a good deal upon the relative 
degree of impurity of the water. The spongy iron on the whole 
lasts the longest. 

The fifth condition demands that nothing organic shall be used 
in the construction of the filter, or in the packing of the in- 
terior. Iron or other metal must be protected from the action of 
the water. 

The siath condition 1s generally fulfilled when the material is 
loose and when the water is not too full of suspended matter. Some- 
times sponge is used to arrest suspended matter, but it 1s so apt to 
get foul that its use had better be avoided. The block filters are 
very a to clog, a slimy substance forming on their surface. This 
is partly obviated now by the use of asbestos strainers (as in the 
silicated carbon filter). Spongy iron is apt to cake unless kept 
constantly covered with water, but this 1s arranged for in the new 
forms of filter.* 


1358.— What are the evils associated.with neglected filters ? 


All filters are repositories for the impurities of water—a form 
of dust-bin. They take up and retain the foreign matter they have 
separated from the water. It should be remembered that a filter 
may become the breeding ground of germs, and may thus, if not 
kept clean, give rise to the mnjurious effects it is intended to prevent. 
They all require regular and thorough cleaning. A foul filter 1s 
most dangerous, for in this state it gives to the water the nmpurities 
it had previously removed. A foul filter is worse than no filter at 
all; it is a water polluter, instead of a water purificr. Any form of 
filter that does not permit of free access to the filtering medium is 
defective. However bright and apparently pure a water may be, 
except it be from some primary spring remote trom habitations, and 
on eeuea ground, it atecld always be subjected to filtration, for 
a water may appear unimpeachable as to its wholesomeness, and 
yet contain the germs of disease, which good filters are capable of 
removing. 

1359.—Stute briefly what are the special qualifications of a good 
filter. 


It must present no facilities for holding dust or the poisonous 
particles of disease, if it retain one it is likely to retaim the other. 

It must possess every facility for the removal of its impurities 
as fast as they are produced. 

It must be free from damp. 

It must be well filled with daylight, from all points that can be 
charged with light from the sun, without glare. 


eed 
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It must be charged with perfectly pure air in a steady changing 
current. 

It must be maintained at an even temperature, and must be 
free from droughts. 

Tt must be charged with an efficient supply of pure and per- 
fectly filtered water. 

A house possessing the advantages named under these heads 
cannot (ceteris parabus) be far from wu perfect healthy house. It isa 
house in which a disease can never be generated so long as it is kept 
up to its Veaas standard ; in which disease, if it be introduced, will 
remain for the briefest possible period; and which, after disease’ 
has left it, will admit of instant and complete purification. 

Some filtering media both remove organic matter from dilute 
solutions, and destroy it. This they effect by causing the O dis- 
solved m the water to combine with the organic matter. Foremost 
among such bodies is charcoal. 


1360.— /s filtered water prone to putrefy 7” 


It is, filtration, and still more filtration with boing, lessens 
the keeping power of water, so that these processes should only be 
carried out a short time before the water is to be used. [The fact that 
filtration lessens the keeping power of water 1s of importance in the 
use of all filtered water. | 


1361 —What additional precaution is necessary with regard to 
filters ¢ 


All waters subjected to purification should be examined from 
time to time, to ascertain that the purifying process is carried on 
efficiently. 

1362.— Does sunple filtration alone remove all risks in conection 
with the use of suapicious or dangerous waters 7 


Not by any means: it will clear the water but will not effect 
the destruction of those poisonous agents (disease germs, organic 
oisons, ctc.) which are the essential sources of risk. The Rivers 
ollution Commissioners have expressed the opinion that all the 
methods of purification by filtration, whether carried out by 
water companies on the large scale, or by the consumer on his 
own premises, are Inadequate to prevent the propagation of epi- 
demic disease hy water. Theorctically they may be considered some 
safeguard, but there is “not a tittle of trustworthy evidence to sup- 
port such a view.” 


1363.— Does the auction of filtering media continue ? 


All the filters after a time become clogged up, and have there- 
fore to be taken to pieces and throughly cleansed ; or, if this cannot 
be easily done, they may be purified by passing through them a 
solution of potassium permanganate or Condy’s fluid, with the ad- 
dition of a few drops of strong sulphuric acid, and afterwards two 
or three gallons of pure or distilled water acidulated with hydro- 
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ehloric acid. The charcoal in a filter may also be purified by ex- 
posing it for some time to the sun and air, or by heating it im an 
oven or furnace. In the spongy iron filter the filtering medium has 
to be renewed from time to time. The danger of the possibility of 
becoming clogged up is one inseparable from all domestic filters. 


1364.—Should the use of domestic filters be restricted ” 


Yes; the uscof domestic filters is only desirable whenthe purity 
of the water is open to suspicion. A filter should be emptied from 
time to time to promote aération, and requires frequent cleansing 
and occasional renewal of the carbon or other medium. Cleansing 
may be effected by scrubbing the carbon block, if removable, then 
running an acid solution of potassic permanganate through it, fol- 
lowed by copious washing with very weak hydrochloric acid, and 
finally several gallons of water. In the “filtre rapide” the medium: 
can be renewed without trouble. 


1365.— What constituents does filtration remove ” 


Chiefly the suspended organic vegetable and animal matters, 
leaves, excreta of birds, a large part of the suspended animal and a 
small share of the absorbed organic and mineral matters. 


1366.— What was the opinion of the Rivers Pollution Com- 
missioners in regard to the various filtering media ? 


The report of the Commissioners appointed to inquire into the 
best means of preventing the pollution of rivers speaks highly of 
fresh animal charcoal, silicated carbon, carbide of iron, and spongy 
iron; but the more recent experiments of Professor Frankland have 
tended to show that the iron preparations and sand are far more to 
be depended upon than the others. 


1367.— Is the rate of filtration of vmportance ” 


It is; because it materially affects the results. The effect of 
filtration will be almost inversely as the speed of filtration. 


1368.—I1n what way may the efficacy of a filter be tested ” 


By the microscopical examination of water before and after 
filtration ; this is of some importance. 


1369.—How has the efficacy of filtering media beew tested and 
proved ? 


By means of an arrangement called a subsidence filter. ‘This 
consisted of a wooden box 12 inches square and 20 inches deep, 
containing 24 plates of steel zinc, } inch apart. Each plate had six 
holes punched in it, 1 inch in diameter. The holes were near to the 
side, and had their edges turned up a little; the plates were so 
arranged that the holes were not opposite each other. A small tap 
came from just below the lowest plate. Another box like this, but 
without plates, was also constructed. Both boxes were charged 
with freshly-softened water, containing chalk suspended in it. Phe 
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water took about eight hours to clear in the box without the plates, 
and was quite clear in the one with the plates at the end of twenty- 
five minutes. This box of plates was next used as a filter, by sending 
aslow stream of water charged with suspended chalk through it. 
About 11 gallons an hour of quite clear water could be drawn off. 
If the ee was increased much beyond this the water was no 
longer clear. To render the analogy between the filter acting 
entirely by subsidence and the common sand filter quite plain, the 
box without the plates had a piece of coarse wire-gauze stretched 
across it Just above the tap. It was then filled with slate chips, and 
water containing chalk in suspension, as before, filtered through it. 
The action of this filter was exactly the same as that of the pate 
filter, except that more water could be passed through it im an hour 
without turbidity. If, however, more than about 15 gallons an hour 
were passed through it, the water was slightly turbid, and if the 
quantity was increased to 20 gallons, it was quite so. Some 
experiments, substituting very coarse sand for the slates, gave 
analogous results. 


1370. After filtration is completed what precaution should be 
taken ? 


A most important point with regard to a supply of pure water, 
is that the water when purified should not be brought in contact 
with foul and germ laden air. ‘This matter is frequently neglected, 
and cisterns are too often placed in the vicinity of latrines, water- 
closets, and ashpits, where the water contaimed in them absorbs 
most noxious gases and germs. 


1371.— What are the defects of small filters ” 


When the filters are too small they fail to do much good; and 
Letheby has given analyses which prove that small filters may be 
nearly useless. It appears undesirable to use charcoal filters on this 
account, and filtration through charcoal has frequently been a failure. 
Spongy iron has been lately very strongly recommended. 


1372.—May a filter affect water in the oppsite way to that in 
which it is intended to act ? 


It may. In both large and small filters the amount of matter 
in solution is often increased by passing the water through the filter, 
for unless the ordinary filtering material is frequently cleansed, the 
decomposed substances arrested in the pores of the filter are absorb- 
ed by the water. 


1373.— What may be stated with regard tothe superiority of one 
form of domestic filter over another ¢ 


It is obvious that, for reasons of convenience,, one filter may be 
preferable to the others according to circumstances. If the water 
is required immediately in considerable quantity, and is to be con- 
sumed at once, animal charcoal would be used, but would require 
frequent renewal, as is the case in the “ filtre rapide.” In the other 


328 ) WATER. [Part i, 


eases, where the delivery is slower, the size or the number of the 
filters would have to be arranged accordingly. 


1374.— How may suspended tnorganic and organic matters be got 
rid of ? 
By subsidence and filtration: boiling, especially boiling ee 
filtration (as a rule) effectually removes any of the possible ill-effects 
of suspended and dissolved organic matter. 


1375.— When is the filtering power of filters mostly taxed ? 
During rainy seasons and in winter. 


1376.—JVhat are the materials used for filtration on a large 
scale ” . 
Sand, gravel, brick, stone or shingle, the depth of the whole 
varying from 5 to 6} feet. 


1377.— What is the principal filtering medinm of nearly all 
modern water works ? 


Sand, and this holds good whether the supply be from gather- 
ing grounds, rivers, reservoirs, lakes or tanks. Sand forms a very 
satisfactory barrier to our infection by disease-producing microbes 
conveyed by water. and the experiments performed by Dr. Percy 
Frankland indicate this. The fact that deep well water contains but 
few micro-organisms is another indication of the filtering power of 
the soil. [In the analytical report given in the Appendix, the water 
from the hydrants showed an absence of any harmful impurities, 
except a few micrococci, notwithstanding that the water in its raw 
condition from the Hoosain Saugor Tank, Hyderahad, Deccan, con- 
tained much ammonia (both saline and albuminoid) and crowds of 
bacterioid organisms. ] 


1378.—How does sand act on the Thames water as regards 
microbes ? 


Tt removes 95 to 99 per cent. of the microbes present in that 
water. 


1379.—Upon whut particulur impurities does sand used as a 
filtering medium act ? 


It is yet uncertain whether the action of sand on organic matter 
is at all chemical, 7.e., whether the organic matter is oxidised in its 
transit ; considering the amount of air contained in the interstices 
of sand, and how finely the water is divided in its transit, some 
amount of oxidation 18 probable, but good chemical evidence in 
support of this view is yet wanted. Mr. Shield’s experiments seem 
opposed to the probahility of much chemical action. On dissolved 
mineral matters sand exerts at first, and when in thick layers, a good 
deal of action ; much sodium chloride can be removed ; and Profes- 
sor Clark has stated that even lead can be got rid of by filtering 
through a thick stratum. Very finely divided clay seems to pass 
through more readily than any other suspended matters. 
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1380.— What is the action of such a filter as that ordinarily used 
as a filter bed ? 


It is almost entirely mechanical, and this by acting as a strainer> 
by the particles of matter contained in the water adhering to the 
sand, and by subsidence within the interstices of the filter itself. 
It removes all the suspended matter, but only a small portion of the 
dissolved organic matters. There ix a layer of oxygen which oxi- 
dises organic matter out first, but as nsually curried out it only 
reduces the suspended matters. 


1381.— What is the active porticn of the filter ? 


Tt 18 about half-an-inch in depth of the upper layer of sand, and 
this has to be removed in some cases every two months, washed 
with water, then relaid, and again used. It is the first half inch of 
the upper layer of sand then which has to be repeatedly removed. 


1382.—1t what intervals should this be removed 7 


It depends upon the amount of sedimentary matter and other 
impurities in the water, but ax a rule once every two mouths is 
sufficient. 

1383.—Can this removed sand be wsed again ” 


Yes , but it must first be ether heated in a furnace or thoroughly 
washed in a properly constructed trough. 


1384.— After the water has been fillered on a larye scale what is 
necessary ? 
That it be kept in covered reservoirs to keep it from the sun 
and from contamination. They should also be well ventilated. 


1385.— Describe the method of supply by filtration adopted Ly the 
Londow Water Companies. 


The water taken from the river at Hampton is passed into a 
storage reservoir of masonry, capable of holdimg several days’ supply. 
lt is important that the capacity of this reservoir should be suffi- 
ciently great, both to obviate the necessity of drawing water from 
the river when it 1s in flood, and therefore very turbid, and to allow 
time for the clarification of the water by the deposition of all its 
suspended matters. The five companies supplying Thames water to 
London have storage reservoirs of an aggregate capacity of 616 
million gallons, capable of holding 7°3 days’ supply, the average 
daily supply from these five companies being 70°5 millions gallons. 
From the storage reservoirs the water passes on to the surface of 
the filter beds, which consist of layers of fine sand (average thick- 
ness 3 feet) lying upon layers of gravel, fine above, but coarse below. 
In the coarse gravel are the open mouths of the outlet pipes, which 
convey the filtered water to the pumping statioms, from whence it 
passes through iron mains to the metropolis or to a high level 
reservoir near London. The depth of water on the filter beds is 
never more than two feet; the average rate of filtration per square 
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foot of filter bed being 1? gallons per hour. The upper layers of 
fine sand must be frequently renewed, as they become choked with 
sediment. They are usually removed, and washed with water jetted 
from a hose under high pressure, before being used again in the 
filter beds. 


1386.— What effect have these filters on the microbes present in the 
unfiltered water ? 


Dr. Percy Frankland has shown that the micro-organisms 
(harmless) present in unfiltered Thames water at Hampton are re- 
duced in number on the average 97°7 per cent. by the storage and 
filtration which the water undergoes at the hands of the water com- 
panies, but that this reduction is largest in the case of those com-. 
panies which have the largest storage capacity for unfiltered water, 
the greatest thickness of fine sand in the filter beds, the slowest rate 
of filtration, and the most frequent renewal of the filter beds—all 
these being factors of much influence on the chemical, as well as on 
the biological, characteristics of the water. 

The conclusion that we may come to then, in the case of the 
London water-supply from the Thames, is that, as long as it is effi- 
ciently filtered, it is pure and wholesome ; but that the Thames is 
not really a safe source of supply, for should the filtering arrange- 
ments break down at a aed of epidemic prevalence in the upper 
reaches of the river, disease would in all probability arise amongst 
the consumers of the water in London. The same may be said of 
any other polluted river used as a source of drinking water. 


1387.— What is the usual plan of jiltering water ? 


The water is first collected into large settling tanks, and then 
filtered by ascent or descent, or both. The filters consist of brick 
tanks open to the air, and at the lower part the filtering layers are 
placed ; the filter proper is usually from 3 to 5 feet in depth. The 
upper two feet or so consists of sand ; the lower three, coarse gravel, 
becoming coarser and coarser as we pass down. Sometimes there is 
a layer of bricks at the bottom. The sand must be washed first with 
distilled water ; white sand is the best, and, if possible, it should be 
heated to redness before use. The sand should be sharp and angular, 
and not too fine. 


1388.—Describe the construction and working of ordinary filter 
Public Water Works ? 


The filter beds of public water works usually consist of a shallow 
tank, with stone or brick walls, lined with cement or concrete. The 
floor, lined in the same way, is grooved with small channels, leading 
to a main exit channel. Clean gravel, coarse below and tine above, 
is laid to the depth of three feet, and over this fine clean sand to a 
depth of three feet. The water that is to be filtered is allowed to. 
flow over this to a depth that should not exceed two feet. Two filters 
are usually constructed alongside one another, so that one may work 
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when the other is being cleaned. The filtered water is stored in a 
covered, cement-lined, tank. From this latter reservoir the water 
is distributed to streets and houses in iron pipes. Iron pipes are 
used because they are less expensive, and more convenient than stone 
ones, and can be carried over undulating ground. A further advan- 
tage is that they can bear ean pressure. ‘The iron pipes should 
be bedded on a firm foundation to prevent leakage at joints, and 
valves or taps must be provided at the summit of upward and at the 
bottom of downward curves to allow of the removal of air or of accu- 
mulated silt. Water pipes, especially in a descent, are likely to admit 
gaseous liquid or even solid impurities through leaky joints. Such 
pipes should havea solid foundation, and should not be laid in polluted 
soil or near drains ; otherwise concrete beds are necessary for them. 
If the water is’ muddy, it should be permitted to stand for some time 
in a settling tank, so that the mud may subside before the water 
reaches the filter. Open distributing channels are always objection- 
able, as the water they convey can never be preserved from pollution. 


1389.—How is the bottom of the filter bed prepared 7? 


The bottom of the filter bed is prepared to suit the circum- 
stances of its position. It must be made practically water-tight. This 
is sometimes ensured by laying concrete on the bottom, but quite as 
often by a layer of hard clay puddle 18 to 24 inches thick, over 
which a flooring of brick is laid; where the ground is more than 
usually bad, both the clay and the concrete may be used with advan- 
tage ; when concrete is used the brick paving is not essential. 
Upon this flooring a central drain, running lengthwise, is laid with 
which are connected on either side small tubular drains of 6 to 
9 inches diameter, prepared for this purpose, the sides being pierced 
with holes to facilitate the entrance of the water. These side drains 
are laid nearly at right angles to the central drain, and from 8 to 
12 feet apart. The central drain is frequently a double dram, per- 
forming two offices—the lower part, which is covered, gathering 
the filtered water, and the upper part, which is open, delivering the 
unfiltered water upon the sand, when refilling a filter bed im- 
mediately after cleansing. and in use then only for that special pur- 
pose. This central drain is sometimes of brick, and sometimes of 
stone covered with stone flagging, the side walls of the lowest 
12 inches of the drain being im either case laid dry ; the water-way 
for this size of filter should not he less than 380 inches wide by 
15 inches of height. 


1390.— What are the objects und vesults of filtration on the large 
scale, and how are they carried out ? 


On the suspended matter, the action, although simple. is twofold 
In the first place, particles too large to pass into the imterstices of 
the filter are arrested at the very outside ; in the second place, and 
with regard to finer particles, the process is one of sedimentation 
and adhesion. It is well known that a turbid liquid will deposit 
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sediment, not simply on the bottom of the vessel in which it is con- 
tained, but also upon the sides. In a sand filter, as the water passes 
slowly downwards, notin veins, but by percolation, the minute 
particles of suspended matter are attracted to and deposited upon 
the walls of the numerous vessels which are formed by the void 
spaces between the grains and sand. This is true even when the 
material of the filter is very coarse. If muddy water be passed 
slowly through a bed of single or broken stone, it will clear much 
more rapidly than if the subsidence takes place in an unobstructed 
basin. 

While it 1s true that the action of a sand filter is exerted chiefly 
on the substances which are in suspension, it is also true that some 
effect is produced upon matter actually in solution. This effect has 
been very much exaggerated ; and yet there is no ‘doubt that, if 
properly managed, sand filtration is competent to remove an appre- 
ciable amount of dissolved organic matter. ‘The action may be ex- 
plained in two ways. In the first place, most porous substances 
possess the power of removing certain kinds of organic matter by 
something which may be called adhesion. The absorptive power for 
any substance is limited and soon reached, and the substance thus 
removed may by appropriate means be again brought mto solution. 
Quartz sand, as we should infer, possesses the power to a slight 
degree only. The second method, by which dissolved organic matter 
is removed in the sand filter, is by oxidation. The substance is 
actually burned more or less completely, in part by the oxygen held 
in solution in the water, and in part by the air entangled in the 
interstices of the sand. Although in fillmg the beds with water, 
great care is taken to displace the air gradually, and as completely 
as possible, some must always remain in the concavities of the 
individual grains of sand and otherwise entangled. The extent of 
the action of a sand filter in this direction depends not only on the 
thickness of the filtering medium, aud the rate at which the filtra- 
tion takes place, but also, and in large measure, upon the frequency 
with which the filter is cleansed. The cleansing of the filter not only 
removes the accumulation of organic matter, which, 1f allowed to 
remain, would tendto injure the water, but also involves the aération 
of the sand. 

The filter beds should be properly constructed, especial atten- 
tion being given to the sand employed, and should be cleaned with 
sufficient frequency. Settling basins of sufficient size will gencrally 
be necessary, and, for the best effect, the filter beds should he 
covered, and the filtered water delivered at once to the consumers, 
or, if stored, it should be stored in covered reservoirs of small size, 
which can be readily emptied and cleaned if occasion require. 

The covering of the filter beds is a great advantage, as has 
already been said; the covering of the clear-water basin is to be 
regarded as a necessity ; especially in case of all waters which are 
liable to considerable vegetable growth. It would seem that the 
spores of the alg@ are not removed by the passage through sand ; at 
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any rate, if the filtered water be stored in a reservoir exposed to 
light, the alge avery themselves anew, and the advantage once 
gained is lost. It is, however, confidently asserted that, if the water 
after filtration be stored in covered reservoirs only, no growth will 
make its appearance. This has certainly proved to be the case in 
Berlin, Altona, and other places in Germany, and in several localities 
in England as well. 


Many analyses have been made to ascertain the effect of sand 
filtration upon the water filtered. In some cases the oxidation 
alluded to 1s sufficient to determine an appreciable decrease in the 
amount of dissolved organic matter which gives colour and unpleasant 
taste to the water. In view of what is actually accomplished in 
existing works, it seems to be best to regard the removal of colour and 
unpleasant taste as incidental and likely to vary very much accord- 
ing to the condition of the filter. If a sand filter removes completely 
all suspended matters without allowing the matter at first removed 
to contaminate hy its decay the water filtered subsequently, it may 
be regarded as successful. 


1391.—How are the sides arranged in Enyland ? 


In England the sides are usually paved with brick or stone to 
slopes of from 1 tol to2 tol. {In North Germany the side walls 
have to be vertical on account of ice, and the depth of the water over 
the filter beds 1s not less than 4 teet.] 


1392.—With what accessory should the drain pipes of the filter beds 


be connected ° 
With air pipes, to prevent them getting chocked with air. 
1393.— How is the overflow to filter beds beat arranged ? 


At or near each angle, and should be commanded by sluices, so 
that the scum, especially that which with some waters is so prevalent 
in hot weather, may be readily cleared off by opening the leeward 
sluice when there is a breeze Drains should be provided also for 
drawing off the water from both above and below the sand, without 
passing it through the clear water well or tank. 


1394.—/fow may the workmen be admitted to get at the sediment 
and collectit ? 


The lowering of the water 12 to 18 inches below that surface 
will afterwards be sufficient to admit of the workmen removing the 
crust of sediment collected upon it. 


1395.— What arrangements are made for the escape of water from 
the pipes, while the water ts being first let on upon the 
filter beds ? . 


From the ends of the pipe drains, as well as from the end of the 
central drain, small cast-iron pipes of 4 inches diameter rise to the 
surface of the ground to enable the air to escape while the water is 
being first let on upon the filter bed. 
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1396.— Whai should be the areas of the filter beds under varying 
conditions of consumption of water 7 


When the flow of water through the system of filters during the 
twenty-four hours cannot be made uniform, that is to say, when, as 
is sometimes the case (in the absence of an intermediate clear-water 
basin), it varies with the consumption, being greater during the da 
hours than during the night hours, the combined area of the filter 
beds in that ‘case should be made to meet the maximum or daylight 
consumption of the service an hour. 


1397.—What relatron is there between size and efficiency of sand 
filter beds ? 


The smaller the filter bed, the smaller will be the total area 
of filtering surface required for the particular duty. The ma- 
terials available for construction and their cost. will also necessarily 
influence the dimensions to be adopted, and it must always be borne 
in mind that although there may be but one filter off duty it will 
frequently happen that another is nearly unserviceable. Tt is there- 
fore found best to give a liberal area of filtering snrtace to be pre- 
pared for all the contingencies of the service. 


1398.—Hovw should the filtering media in a filter bed be laid ? 


From above downwards :~ 


Fine sand . sie oa ces vo! 
Coarse ., ive ou ae 6” 
Shells or fine gravel —... ae me 6" 
Coarse gravel sa e wr es 


[A filter bed may be described as a tank or reservoir several feet 
in depth, with paved bottom, on which are laid a series of non-joint- 
ed or perforated tubular drains leading into a central culvert. The 
drains are covered with a layer of gravel about 3 feet deep, over 
which is spread a layer of sand about 2 fect deep. The layer of 
gravel is coarse at the bottom, becoming aaa y fine towards 
its upper surface, and the same relative gradation, as regards coarse- 
ness and fineness, is observed with regard to the sand. The water 
is delivered uniformly and slow, and in order that the filtering 
poe may not be carried on hurriedly, the pressure is always kept 

own, the depth of water being seldom above 2 fect and in some cases 
only one foot. ! 


1399.— What should be the position of the lateral and collecting 
drains ? 


* A little reflection will show that the lateral drains can hardly 
be placed too close together, for it is dersirable that the filtered 
water should flow to the collecting drains with as slow a velocity as 
poe ; and the further these drains are apart, the greater must 

the amount of water running through each drain. 


OHAP. XII. | ‘FILTRATION OF WATER. 335 


: 1400.— After leaving the filter bed what should be the cowrse pur- 
sued by the filtered water till it reaches the mains ? 


The tiltered water from each filter bed should be delivered into 
‘a small well, whence it escapes into the proper conduit, and is car- 
ried either to a common clear-water basin, or directly to the pumps. 
The sluices at this well can be soarranged, by operating downwards 
instead of upwards. as to adjust the head of water actually in action 
upon the filter bed. When the filter is clean, 9 inches of head will 
produce the required flow through the filtering material ; according 
as the sediment becomes deposited on its surface, this head has to be 
increased to 2 or 23 feet, varying a little with the character of the 
sand. If the head be allowed to exceed 3 feet, it is because the sur- 
face is being rapidly closed; the weight of the water comes then 
into play upon the sand, induces the packing already referred to, 
and leads to the labour of loosening up the material during the process 
of cleansing. Sometimes when this amount of head is aeeedeal the 
pressure leads the water to break through at points where some 
slight difference in the material gives it opportunity. It will then 
flow through in veins, damaging the filter bed; but such overstrain- 
ing of the filters is rare. 


1401.— What raie of filtration is allowable in such a filter bed ? 


Not more than £5 foot per hour; or the speed of filtration 
should not exceed 700 gallons per square yard of filter bed area in 
24 hours. 

Four-and-half feet vertical per hour should be the maximum of 
speed of filtration. 

To efficiently filter the water it should not be allowed to pass 
the filter quicker than at the rate of about fifty gallons per super- 
ficial foct of area of sand surface in twenty-four hours ; 1t requires 
frequent cleansmg, which is done by removing a small quantity of 
the top layer ot sand, which is thoroughly washed and again used 
after exposure to atmospheric influences. It should be remembered 
that the filtermg medium must always be thoroughly clean to allow 
of efficient action. Water, either river or well, passed through such 
a filter as above described, should be equal to that supplied to the 
metropolis of London, which has to ‘ars the test required by Act of 
Parliament and the examination by the Government water examiner. 


1402. — What should be the speed of the vertical descent of water in 
the filter beds ? 


The speed of vertical descent should not be much above 6 inches 
per hour, nor should the rate of filtration much exceed 700 gallons 
per square yard of filter bed in the 24 hours, although some water 
companies filter at a much more rapid rate than this. In large 
works there are always several filter beds, to allgw of some being 
cleansed while the others are in use. The sediment deposited on the 
surface of the sand requires to be scraped off at intervals, and at 
each cleansing operation about half-an-inch of sand is also removed. 
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A. fresh supply of sand is added when the depth of the layer is re- 
duced to an extent which threatens to impair the efficiency of the 
filter. It appears that proper filtration, carried on according to 
this plan, removes suspended impurities, and a certain amount of 
dissolved mineral substances, but whether dissolved organic mat- 


ters are destroyed, or oxidised to any considerable extent, seems 
doubtful. 


1403.— Why should the velocity of filtration be slow? Specify what 
should be the actual rate of filtration. 


To ensure the perfect cleansing of the water by the filters, as 
well as to prevent any disarrangement of the materials of which 
they are composed. the velocity of movement of the water must be 
very slow. The average rate is half gallon a minute for each square 
yard of sand surface, which is equal to 3} gallons an hour for each 
square foot of sand area of the filter bed. James Simpson, who ae 
be said to be the originator of the method of filtering now in suc 
general use in England, is of opinion that the filtering surface 
should be predicated on a rate of 72 gallons a day for each square 
foot of sand, which is equal to 3 gallons an hour a square foot. 


1404.—How long should the water be exposed to the filtering 
medium ? 


The water should be in contact with the filter for about four 
minutes, and the rate of filtration should be such as to permit of 
this. Therate of filtration through sand affects the results materially. 
The effect of filtration will be almost inversely as the speed at which 
the filtration 1s effected. 


1405.— How may this be proved ? 
By what may he called a subsidence filtration. 


1406.—How is organic matter affected by filtering process in the 
filter bed ? 

Organic matters in solution are, to a small extent, oxidised in 
their passage through the filter bed, when the sand is clean and 
sharp. This action ceases when the particles of sand become en- 
crusted with the impurities filtered out of the water; it is therefore 
most effective when the sand on the filter beds hag just been re- 
newed. 


1407.— In filter beds what quintity of water should filter through 
a square yard in 24 hours ° 
About 700 gallons. 
1408.—How are the layers of filtering media arranged in the 


filter beds of the London Water Companies. 
INCHEs. 
1. Upper layer—fine silicious sand .. lo—18 
2. Lower layers— die: increasing in size from 
that of a small pea toa middle-sized potato ... 20—24 


CHAP. XII. | FILTRATION OF WATER. 387 


1409.— What is the speed of filtration permitted ? 


Sixty gallons of water are allowed to pass through each square 
foot in twenty-four hours. 


1410.— What resis upon the floor of the filter bed ? 


Upon the flooring of the filter beds, and covering the gathering 
drains as well as filling up the intervening spaces, a layer of broken 
stones is laid, large shingle or quarry spauls. 


1411.— What should be the size of the stones ? 


The stone should not be larger than will pass through a 4-inches 
ring, nor less than will pass through a 2-inches ring, and they must 
be clean and free from earth or quarry rubbish. 


1412.—How often should filter beds be cleaned out ? 


Filter beds will require cleaning out after they have been in oper- 
ation for a length of time, varying from one week to six or eight, 
but which will depend generally upon the fineness of the medium, 
and the quantity and quality of the water that has passed through 
it. When clean an ordinary sand filter will require only two or 
three inches head to yield water at about the ordinary rates, but as 
the sand becomes clogged, this loss of head will increase, or if the 
head be maintained constantly, the yield will gradually diminish. 
Filter beds, especially those worked at a slow rate, will often be 
found to require cleansing before the yield becomes greatly reduced. 
This will occur mostly with bright water containing suspended 
organic matter which accumulates in the beds, and, in time, has an 
injurious effect even on the quality of the filtered water itself. 


1413.—If the source of supply is very impure—a polluted river, 
for example,—how may it be purified 7 
By a preliminary purification by subsidence tanks it may be im- 
roved, and floating matters may be excluded by admitting the water 
into the tank from the river through a submerged sluice. 


1414.—Do spring waters and well waters need to be filtered ? 


Usually they are sufficiently clear and free from deposit to need no 
adventitious aid to render them acceptable to the eye, and palatable. 
Indeed, such waters, when clear, are best delivered direct to the con- 
sumers, so as to avoid contamination by exposure and manipulation. 
It is otherwise with waters collected from large gathering areas, 
and with river waters. These both commonly contain so much sus- 
pended matter, and are so much discoloured, as to necessitate a 
preliminary treatment in order to render them clear, pellucid, 
colourless, and free from objectionable deposits. Hard waters, 
especially those from springs, and less often river waters, may also 
be improved in appearance and better fitted for domestic and manu- 
facturing purposes, by being deprived of a portion of their mineral 
constituents before distribution to the consumers. This is best done 
by the Porter-Clark process. [Where water, efficiently filtered ona 
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large scale, is distributed direct from the storage reservoirs on the 
constant system, the writer is of opinion that it is asa rule best to 
draw the water direct from the main supply pipe, and to use it without 
further filtration. But where the water is supplied on the intermittent 
system, and is consequently stored in Guschold cisterns, it 18 often 
desirable to filter it before use. Also in times of epidemics it is desir- 
ablefor safty to boil drinking water and filter it before use. More often 
than not, perhaps, a drinking water is rendered less pure by ordinary 
filtration ; and nearly always household filters are placed in most unde- 
sirable situations, such as near sinks, in pantries, near kitchens, etc., 
z.e., in impure atmospheres. Under these conditions the water is apt 
to absorb gases and vapours which give it an unpleasant flavour ; 
and this is more particularly the case when the water is boiled. 
Boiling water when cooled in an impure atmosphere very quickly 
absorbs gases and vapours and thus it is notorious that water 
which has been boiled is not only very often vapid but positively 


nauseous in flavour. | 


1415.—Should water be allowed to pass through the filtering media 
from below upwards or from above downwards ” 


The filter bed is usually filled with water from above by 
flowing it slowly upon the sand either from one point in connection 
with an overflow drain, or from several points on the side of the 
filter. It would be safer and more convenient ax regards getting 
rid of the air. to fill it from below by means of the drains there ; but 
if this were done with the uncleaned water it would distribute its 
impurities all through the filter. When the filter has been once filled 
it is not necessary to empty it entirely at each cleansmg of its 


surface. 
1416.—How and when are the filter beds cleaned out ? 


In large works there are always several filter beds, to allow of 
some being cleansed while the others are in use. The sediment 
deposited on the surface of the sand requires to be scraped off at 
intervals, and at each cleansing operation about half an inch of 
surface sand is also removed. A fresh supply of sand is added when 
the depth of the layer is reduced to an extent which threatens to 
impair the efficiency of the filter. It appears that proper filtration, 
earried on according to this plan, removes suspended impurities, 
and as certain amount of dissolved mineral substances. 


1417 .—How is the sand kept efficient ? 

Each filter bed, at short intervals varying with the condition of 
the water, must have the deposit which accumulates on the surface 
of the sand cleaned off or removed, and while any one of the filter 
beds is undergoing this cleansing process, the other remaining filters 
must be competent to deliver the required supply without over- 
straining their functions. If, then, there are six filters, five of them 
must be competent to the full duties of the service, and if eight 
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filters, seven of them must be competent to this duty, on the sup- 
position always that not more than one filter will at any time be off 
duty. Should the circumstances in effect render two unserviceable, 
the remainder must have area enough to mect the requirements of 
the case. 


1418.— How is the filtering sand cleansed ? 


At each cleansimg of the filter bed the sand is loosened by forks 


for some 6 to 8 inches in depth, and afterwards raked smoothly 
over. 


1419.—How is the sand washed and again rendered fit to 
be returned to the filter bed ? 


For washing the sand previously to its replacement in the 
filter beds, various contrivances are used. One is an iron box or 
cylinder open at the top, and having a false bottom perforated with 
small holes. The box 1s charged with the sand to be washed, and 
water under Ingh pressure is admitted underneath the false 
bottom through the holes m wlich 1t rises with great force, boiling 
up as it were through the sand. The agitation thus caused effec- 
tively loosens the dirt from the sand, and the former is carned away 
with the water, leaving only the clean sand behind. 

In some works the dirty sand 1s placed im « heap on the sloping 
bottom of a shallow chamber about 10 feet long, 5 feet wide, and 
2 teet deep. Water under high pressure is then directed against the 
heap of sand from a hose pipe by the man in charge, until it flows 
away Clear over a small weir at the lower end of the chamber. Two 
chambers are used placed side by side, so as to be worked 
alternately. 


1420.— When is the sund which ¢s gradually removed, replaced ? 


When the origina] thickness of 30 ches of sand becomes 
reduced to 18 or 22 inches it is replaced and brought up to the ori- 
ginal limits. The renewal is usually made once in six months, some- 
times but once a year, as the convemence of the service may permit. 


1421.—Jn very bad waters how aften has the sand to be cleansed ? 


In the worst stages of the Enghsh rivers a filter bed has to be 
cleansed once a week, rarely oftener. The stuff, whether sediment 
or otherwise, intercepted by the filter, is found collected on the 
surface of the sand; in the process of its removal a thin paring of 
sand is necessarily taken with it. not exceeding from } inch to 3 inch 
in thickness. The impurities carried by the water are not found to 
have penetrated the sand. The paring of sand ig usually cleansed 
and laid aside for future use, except when fresh sand can be pro- 
cured at leas cost than the washing of the sand. The thickness of 
the sand bed is allowed to be reduced by these repeated parings 
from 8 to 12 inches before it 1s renewed. 
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1422.— What ia the effect woon the sand if the cleansing 18 too long 
delayed ? 


: The sand is liable to pack close if the cleansing is too long 
delayed. In such case the weight of the water is felt upon the sand ; 
in the usual state of the filter it is not so felt. 

In all cases it ought to be cleaned or renewed at least ever 
three months, and with impure watcrs much oftener, say, every wee 
or every fortnight. 

1423.—How should water filter be cleansed ? 


All filters when first taken into use require to be washed by 
passing from 10 to 20 gallons of fairly good water through them, 
according to the size of the filter, as the filtering medium generally 
yields something to water in the beginning. It is also necessary to 
ensure the removal of dust, &c., that may be in the ee But 
after a certain time of use all filtering media not only cease to be 
efficient, but even in some Instances give up mmpurity to the water 
eae through them; so much 1s this the fact that cases of illness 

ave been traced to this source, and some persons have thought the 
dangers of filtration were greater than those of unfiltered water. 
There is no doubt that the practice of depending for years upon the 
efficiency of a filter, which has never been cleaned or had its material 
renewed, is fraught with danger; and there 1s still danger to be 
apprehended from many of the so-called “self-cleaning” filters, 
which, in the words of advertisements. ‘‘require no attention.’ 
There 1s a limit to the power of al] filtering materials, and no. 
imphecit confidence can be placed in any of the methods vaunted as 
“ self-cleaning.” 

1424.—What are FRANKLAND’s views as to the effects of sand 

filtration ” 


Frankland has shown that filtration through sand removes 95 
to 99 per cent of the microbes present in Thames water. 

This sand filter had some effect in lessening the dissolved 
constituents, both mineral and organic, but the effect was limited ; 
it stopped organic matter after it had ceased to arrest lime. After 
a longer time it became useless, and required washing. 

erruginous green sand ip eacellent, for 1t arrests all organisms 
at first; after thirteen days it arrests 88 per cent., filtration being 
carried on at the rate of 0°73 gallons per square foot per hour; after 
one month there is a reduction of organisms to the extent of 39 
er cent., at a filtering rate of 1:14 gallon per square foot per hour. 
he efficiency of this sand is therefore greater than might have been 
supposed. 
' The effect on suspended matters, both organic and mineral, is 
certainly satisfactory. On dissolved organic matter it is less so. 
Mr. Witt’s experiments show only a removal of about 5 per cent. 

Some experiments were made at Netley on a sand filter of 

‘1 square foot surface, and made in imitation of a London water 
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company’s filter, viz., 15 inches of fine, well-washed white sand, and 
20 inches of gravel, gradually increasing in coarseness. The first 
eight gallons were thrown away, so as to avoid the fallacy of 
including the distilled water with which the sand had been washed. 


1425.— How may the ordinary large filter bed be imitated for 
domestic use ? 

A small sand filter, to which may conveniently be added a 
layer of animal charcoal, capable of removing suspended matters 
and some of the organic impurity may be constructed like a minia- 
ture filter bed, in an ordinary flower-pot. 


1426..—J8 there any perfect filtering medium ? 


There is not; such a material has yet to be discovered. Up to 
the present time no filtering material has proved practically avail- 
able on the large scale, except sand. Various attempt shave been 
made to use other substances, but hitherto without marked success. 
We will, therefore, consider the general features of the process of 
sand filtration as practised at home and abroad. 


1427.— What other materials may be employed in the construction 
of filter beds ? 

Magnetic carbide of iron gives excellent results, if covered 
by a layer of sand to intercept the suspended impurities. It 
must be worked slowly and intermittently, so as to renew the 
acration. Filter beds of this construction converted the black and 
offensive water of the Calder into a bright and palatable water, 
which was until recently supplied to Wakefield. Spongy iron can 
be used on the large scale, but not, of course, intermittently, like 
other filters. A new modification of filtration through iron is en 
asthe “ Revolving Purifier.” The “purifiers” are cylinders con- 
taining small loose pieces of iron, and having many projections from 
the inner surface. Their long axis, upon which they rotate, is 
horizontal or inclined, and the surfaces of the iron masses inside are 
kept constantly bright and clean by mutual friction. Water is 
passed slowly through the cylinders as they revolve, and is exposed 
to the action of the constantly fresh iron surfaces. After subse- 
quent sand filtration to remove the iron, the purification seems to be 
very complete.* 

CHAPTER XTII. 
FILTRATION OF WaTER—continued. 


CHARCOAL AS A FILTERING MEDIUM. 
1428.— What is supposed to be the best and most convenient of all 
filtering media ? ¢ 
Fresh burnt animal charcoal is perhaps the best of all filtering 
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media, and filters chiefly constructed of this material should always 
be used for lead-polluted water-supplies. The experience of Mr. A. 
H. Allen with the Sheffield waters is to the effect that no other 
substance is nearly so efficacious as animal charcoal for removing 
lead from water. In Maignen’s ‘Filtre Rapide’ animal charcoal or 
carbo-calcis and asbestos cloth are used. Vegetable charcoal is far 
less efficacious than animal charcoal as a purifying agent. Seaweed 
charcoal is perhaps better than ordinary vegetable charcoal. It has 
a great power of freeing water froin organic matter, and it does to 
some extent oxidise the organic matter, by virtue of the O in its 
interstices, but whether to a greater extent than can be accounted 
for by the oxidation always going on in water exposed to air is a 
debatable question. 


1429.— How is animal charcoal prepared ? What are its pro- 
perties as a filtering medium ? 


This substance is prepared by calcining crushed bones in closed 
vessels ; it is extremely porous, and exerts considerable oxidising 
action on dissolved organic matters 1 water, and bleaches colourm 
matters in solution. These properties, however, are evanescent, an 
rapidly disappear if the charcoal is not cleaned or renewed, especially 
if the water filtered through it is somewhat impure. Not only this, 
but the charcoal yields to water phosphate of lime, of which it is 
largely composed. The phosphate favours the growth of living 
organisms; so. that water must neither be kept too long in the 
filter nor mustit be stored for use after filtration. Animal char- 
coal has very little action on fresh egg-allumen; it has been 
reasoned from this circumstance, and probably with correctness, 
that animal charcoal does not prevent the passage of living disease 
germs through its substance. For these reasons filters composed 
of animal charcoal, whether in loose fragments or in compressed 
blocks, are not at all suited for domestic use. They require more 
care and attention than any domestic filter is likely to meet with. 

Regarding animal charcoal, however, the late Professor Parkers 
considered it to be one of the best filtering materials. ‘The parti- 
cles of charcoal should be well pressed together, and the passage 
of the water should not be too quick. Contact with the water for 
about four minutes appears sufficient. There isa large (and, if the 
layer of charcoal be deep enough, complete) removal of suspended 
matters, both mineral and organic; water even deeply tinged comes 
through a good charcoal filter very clear and bright. So also dis- 
solved organic and mineral matters are reinoved by charcoal in the 
first instance. All evidence agrees in respect of that point. But 
then its power is limited, and after a time it ceases to be efficient.” 


1430.— What are ita disadvantages ? 


The charcoal yields to water phosphate of lime of which it is 
largely composed. The phosphates favour the growth of living 
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organisms, so that water must neither be kept too long in the filter 
nor must it be stored for use after filtration. Animal charcoal has 
very little action on fresh egg-albumen, it has been reasoned from 
this circumstance, and probably with correctness, that animal 
charcoal does not prevent the passage of living disease germs 
through its substance. For these reasons filters composed of animal 
charcoal,whether in loose fragments or in compressed blocks, are not 
at all suited for domestic use. They require more care and 
attention than any domestic filter is likely to meet with. Neverthe- 
less no less an authority than the late Prot. Parkes considered 
animal charcoal amongst the best of filtering media for domestic 
use. 
lf water filtered through it be stored for any length of time, it 
is apt to undergo change for the worse. Organisms begin to develop— 
minute moving bodies and low forms of plants—which render the 
water offensive. It is also observed that water left long in contact 
with the charcoal is apt to take back impurities from it, and ultimate- 
ae become worse than before. It is, therefore, clear that the oxi- 
tion of the organic matter 1s not complete, and that cither minute 
germs may pass through the charcoal, or that it yields to the water 
substance which favour the propagation of germs absorbed from the 
atmosphere. Probably both conditions are at work, the substances 
yielded being phosphates and nitrogen. Another point of great 
importance, bearing upon this part of the question, is that fresh, and 
we may say vital, organic matter is only partially arrested by charcoal, 
fresh white of egg, for instance, passing through with considerable 
ease. Charcoal is used either in minute fragments or made into solid 
blocks. Both act well, with the above lmuitations ; but the looser 
form appears to be much the better of the two, as the blocks are apt 
to clog, and require a good deal of cleaning and attention. 


1431.—What is the most important defect in the use of all 
charcoal filters ? 


The great defect of all forms of charcoal filters is that they 
speedily become inefficacious, and the charcoal must be frequently 
renewed or reburnt, else the fouled charcoal will, as Dr. FrRANKLAND 
has shown, actually increase the amount of orgame impurity in the 
water. Block-carbon filters (moulded carbon blocks) do little more 
than remove gross suspended particles, are not to be too much 
relied on, and should not be used except when no better filter can 
be found, as by the soldier on the march, to whom a small suction 
filter is invaluable. 


1432 .— What form of charcoal is best for filters and what are the 
defects of charcoal filters ? 


Animal charcoal is the best, but its power is exhausted in from 
two to three months, when it docs harm. It deals with some im- 
purities only, minute vegetable formations (spores) are unaffected. 
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1433.— What is the basis of most domestic filters ? 
Granular charcoal fused or made up of silica, charcoal, etc., into 
solid blocks. 
1434.— What ia the disadvantage of these blocks ? 


They soon get clogged with organic matter, the effects are not 
lasting, they require to be often cleaned, dried, heated, etc., or 
renewed. 

1435.—How may they be cleaned 7? 


By washing them with strong acids'such as hydochloric or 
sulphuric, and afterwards with permanganate of potash solution. 
1436.— Which ie the best animal or vegetable charcoal for filtering 
purposes ? 


Animal. 

1437 .— What are its advantages over vegetable charcoal ? 

It is said to last longer, continuing to act well for 2 or 3 months, 
after which it causes deterioration rather than improvement in 
the quality of the water. 

1438.— Does it remove all impurities ? 


No: it deals only with certain impurities: minute vegetable 
organisms, and especially spores are said to be unaffected. 


1439.— How may we purify charcoal after it has been used ? 

By boiling it with hydrochloric acid—this destroys any con- 
tained organic matter and dissolves earthy salts. 

1440.— What are the chief objections to the use of churcoal asa 
filtering medium ? 

It soon loses its power, it is expensive (especially if used on a 
large scale). Animal charcoal soon gets clogged if the water contains 
much 8 as matter and then yields to the water the impurities it 
previously removed. 


1441 .— How is it prepared for filters ? 

It is made into blocks. 

1442.— What are its two chief defects usually met with ? 

As a rule it is insufficient in quantity; the blocks are too small 
for the amount of work demanded of them ; and (2) it is liable to 
clog. , 

1443.— What may be said in regard to the use of block filtere ? 

Block filters are generally undesirable but if used, they may 
be cleansed by carefully brushing the surface, pumping air in the 
reverse way, and treating with permanganate as above described. 
They are of various sizes, from small pocket filters to large-sized 
domestic filters delivering 30 to 50 gallons a-day. The pocket filters 
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are useful as strainers, but their small size must make the duration 
of their oxidising power comparatively short. They ought to be 
frequently brushed and washed in clean water, with permanganate 
if possible.* 

The best and apparently soundest carbon blocks may be traversed 
by flaws, or there may be crevices between the block and the sides of 
the filter which permit more or less of the water to pass through 
without oxidation of its organic impurities. All filters should there- 
fore be tested by introducing a quantity of the finest animal charcoal, 
previously freed from lime by treating with strong hydrochloric 
acid, and stirred up in‘a large quantity of water. 


1444.—JIn what other way may block-filters fail ? 


They may crack or fissure, and then allow the water to pass 
through unfiltered. 


1445.— Which filters clog most and which least ? 


Those in which the filtering material is dense and compact and 
in which the particles of the filtering medium are in close jJuxta- 
siete Those filters clog least where the filtering material is 
east, and the particles are small. 


1446.— What was the result of Dr. Percy FRANKLAND'S tnvesti- 
gation in connection with the wae of charcoal us a filter- 
ing medium ? 


Thinking that an examination of charcoal, which had been in 
use for some time as a filtering agent, might throw some light on 
its real function as a purifier of water, he obtained from the 
London Purifying Company samples of charcoal from a No. 4 filter 
which had been In continual use at a house in St. George’s Square, 
Pimlico, for the month of November 1865 to the time when samples 
were taken out of it for his enquiries, that was for a period of exactly 
two years; so that about 292,000 gallons of water had passed 
through it. Now it appeared to be a matter of great importance 
to ascertain whether the filter still had the power of purifying 
water, and whether it contained any notable quantity of organic 
impurity locked up in the pores of the charcoal. He therefore ex- 
amined the ca sabiities of the charcoal as a purifying agent, and he 
found that when water supplied by the East London Water Com- 
pany was filtered through the charcoal at such a rate that there was 
about 3 minutes’ contact, the water was not merely deprived of its 
colour, as shown by examination of it in a two-foot tube. but it was 
also deprived in the usual way of organic matter. This he ascer- 
tained by the permanganate test and by distillation with caustic 
potash. It was evident that the charcoal still acted as a purifying 
agent. He next examined the charcoal for organic impurity, for if 
it had been removing organic matter from water at the rate of only 
a-tenth of a grain per gallon, it ought to have contained within its 
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pores a very considerable quantity, not less than 4 lbs. of organic 
matter. Dr. Frank Lanp said he had passed some of the London 
water through a stratum of animal charcoal, three feet thick, at the 
rate of more than 41,000 gallons per square foot in 24 hours, under 
a head of 30 feet. The charcoal was in granules, like coarse saw- 
dust, and in the above-named instance more than one-half of the 
organic matter in the water was removed ; and, on reducing the rate 
of passage of the water to one-half, one-fourth, or one-tenth, the pro- 
portion removed was scarcely increased. It appeared, from experi- 
ments, that wood or other vegetable charcoal is inert in its action 
on organic matter in water. 

In the discussion of this paper, Dr. LeatiuEsy said that a cubic 
foot of animal charcoal weighing from 50 lbs. to 052 lbs., held within 
its pores four gallons of water, and that he had found hy experi- 
ment that it was necessary that the water, to be purified, should 
remain in contact with the charcoal for at least one minute. In Mr. 
Brrne’s experiments the time had been two-and-a-half minutes. It 
waa stated that the rate of filtration through the filters of the Water 
Purifying Company is 400 gallons a day, through afilter containing 
80 Ibs. of charcoal. 


This was found to be the result of passing water through a 
thickness of five inches of animal charcoal of a degree of fineness 
similar to that used in sugar refineries, according to a paper read at 
the Institution of Civil Engineérs, in 1867, by Mr. Epwarp ByRne. 
The experiments Mr. Byrxre made were not considered conclusive of 
the case, for there seemed to have been some peculiar property in 
the water; but, however that may have been, the experiments cer- 
tainly did show that, after a certain quantity of water had passed 
through the filter, the remainder was in worse condition after than 
before it passed through. 

The purification of water passing through any filter bed takes 
place by reason of two separate actions upon it, first, by straiming 
out of it the sohd matter in suspension, and, secondly, by bringing 
the oxygen of the atmosphere to act upon it so as to change any 
decaying organic matter which 1t may contaim in solution into 
inorganic and harmless substances. The best filtering medium, 
therefore, is that which at once excludes from its pores suspended 
solid particles and exposes the dissolved organic matter to the 
largest possible amount of atmospheric air. Fine sand, by reason 
of its heaviness, lies too compactly in its body to comply with the 
latter requirement, while in its surface it is too porous to exclude all 
suspended matter. On the large scale this is a matter of no practical 
inconvenience, because, although the solid matter may not be 
altogether arrested on the surface, but may penetrate the sand to the 

1 of an inch or two, it is easily removed by regular attention, 
but the case of a small household filter is quite different; here no 
such regular attention is given, or could practically be given, to re- 
move the solid material and replace it from time to time with fresh 
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material. Some substance, therefore, must be used which is closer 
in its texture on the surface and more open in its body than a sand 
bed is. Charcoal is a very porous substance, but the difficulty is to 
make the water pass through the pores; for when the charcoal ia in 
the form of lumps, however small, the water passes through amongst 
the interstices of the lumps or granules and not through thei pores,. 
thus coating the surface of anche lump or granule with the impurities 
of the water, and for a time, therefore, depriving the water of them, 
but afterwards allowing it to pass through unpurified, and even, 
after further use, giving off to it part of the accumulated impurities 
of the water which had previously passed through. 


1447.—From the vurious experiments recently performed sum- 
murise the disadrantges of charcoal ” 


1. It fails to filter off the smaller micro-organisms of water: 
which pass over into the filtrate. 

2. Fresh egg-albumen passes through and over it quite un- 
changed. 

3. The charcoal yields to the water phosphate of lime of which 
it is largely composed. The phosphates favour the growth of the 
living organisms. 

4, After a certain period the charcoal gives back the impuri- 
ties it previously abstracted; it 1s then a storehouse of impurities 
which may sometimes be of a dangerous character. 


1448 .—Name another method in which charcoal has been used in 
the purtfication of water ? 


By charring the inside of casks. This is an effectual plan, and 
BERTHOLLET considered it more effectual than the 1:mmersion of pieces 
of charcoal; the charring can be renewed from time to time. 


1449.—Whut are the best filters made of ” 


Animal charcoal, magnetic carbide of iron, spongy iron, polarite, 
carbo-calois. They are capable of removing almost all the suspended 
matters, and at least 40 per cent. of dissolved organic impurities, 
together with a considerable amount of salts, such as calcium carbon- 
ate and sodium chloride. 


1450.—Are these properties of animal charcoal as a filtering 
medium lasting ? 


No; they are evanescent and rapidly disappear if the charcoal 
is not cleaned or renewed, especially if the water filtered through it 
is somewhat impure. 


1451.— What material 7s most frequently used in domestic filters 
and in what forms re it used ? 


Carbon is the commonest of all filtering media, and animal 
charcoal is believed to have a far greater purifying effect than vege- 
table charcoal. Many efficient patterns of filters are made essen- 
tially of animal charcoal ; others, equally good, depend upon Silicated 
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.carbon, manganous carbon, or “ careferal”’ (charcoal, iron, and clay). 
Maignen’s “ Filtre Rapide” has no carbon block, but the water is 
made to pass through a mixture of powdered charcoal and lime 
{carbo-calcis) supported upon an asbestos cloth; like other animal 
charcoal filters, it seems to have the power of removing lead. 
Magnetic carbide of iron 1s another efficient medium. 


1452.— How do charcoal filters affect the micro-organisns con- 
tained in the water ? 


Micro-organisms are removed for the first week or two by sand, 
especially the green ferruginous variety of sand (P. FRANKNLAD). 
Dissolved mineral matter with lead and sodium chloride are removed 
when the sand is in thick layers and cleansed frequently; colour is 
lessened, and oxidation of organic matters may take place. 


Domestic FILTERS. 
1453.— What are the chief varieties of filters in the market ? 


The filters in the market arc very numerous, but the most im- 
portant are the following :-— 

1. Those containing animal charcoal m granules or powder. 

2. Animal charcoal compressed into blocks by admixture with 
silica and other substances. 

3. Spongy iron filters. 

4. agnetic iron filters, 

» Those containing other substances of u nature chiefly 
mineral.* 

With regard to the use of domestic filters, we should remember 
that nothing short of intelligent personal supervision will keep them 
working properly. Servants are too apathetic in such matters to 
attend to the required details. 


1454.—Enumerate some of the more common forms of domestic, 
jilter ? 


Silicated carbon filter. 
Spongy iron filter. 
Purified animal or vegetable charcoal filter. 
Magnetic carbide of iron filter. 
Polarite filter. 
Carbon block filter. 
Maignen’s Filtre Rapide. 
Ordinary sponge filter. 
1455.— What materials are most cfficient filtering media for small 
filters ? 
For domestic filters the following materiuls are much more 


-efficient than other media:—Spongy iron, magnetic carbide of 
iron, polarite and carferal; this latter substance being a mixture of 
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iron, charcoal and clay; animal charcoal and its various combina- 
tions with silica. 


1456.— What are the chief effects of filtration ? 


Removal of suspended matter, partial oxidation of dissolved 
organic matters; many filters also remove some of the dissolved 
saline matters such as ammonia, nitrites as wellas NaCl, CaCO,, 
CaSO, and MgSQ,, thus diminishing their hardness. 


1457.— How are the nitrates affected by filtration ? 
They may be increased by the oxidation of nitrites. 
1458.— How may filtration of pipe water be carried out directly ? 


By tap-filters, by placing small filters for home use in the 
course of the delivery pipe or they may be connected with the pipe. 
These are suited for high or end pressure. The filtering medium is 
usually charcoal or silicated carbon. One or two patterns act with 
moderate efficiency, but the small quantity of the filtering medium 
must necessarily militate against the permanent efficiency of any 
such filter. 


1459 — How may we classify domestic filters ” 


Household filters may be divided into three classes: first, those 
of small size, intended to be attached to the faucet, where the water 
is brought in pipes either from the service mains of a general supply, 
or from a tank m the building; second, the portable tilters designed 
to occupy a more or less permanent position. and to be filled with 
water, cither by a ball-cock or other similar arrangement, or by 
means of smaller supphes continually renewed, third, the more 
permanent and fixed devices which are inserted or built mto under- 
ground or other cisterns. 

1460.— What may be said as regards the efficiency of filters 
connected with the water-tap 7 


Filters which are made to be attached to water-taps, cannot 
practically do anything more than act as mechanical strainers and 
arrest all suspended substances which may be m the water. There 
is no material known which can be mtroduced mto the small space 
of a tap-filter and accomplsh any real purification of the water 
which passes through at the ordinary rate of flow. Of all the 
patent contrivances which have been a ea there is prota ys 
after all, none better than the form which has been in use for many 

ears, which is filled with clean quartz sand, and is capable of 

eing readily reversed and thus cleansed. Even animal charcoal in 
the quantity which admits of being readily attached to a faucet, has 
no a iyaitage over such a filter. . 

It is proper to say in this connection that im case the water is 
delivered by service pipes from a general supply, it is not necessary 
that the filtration should take place at the faucet, for most of the 
materials used for filtration can be obtained arranged in filters of 
large size intended for insertion in the house service. Of course, 


B50 WATER. | {PART ‘I, 


the objection to this arrangement is the expense and the liability 
that when the filter has been once inserted, it will be dismissed from 
mind, and proper care will not be taken to maintain it in efficient 
condition. 


1461.—On the whole what is the best filtering muterial for house- 
hold filters, and whut conditions are necessary to make it 
efficient ? 

On the whole, there is no better substance for ordinary honse- 
hold filters than animal charcoal. The charcoal should be renewed 
from time to time; how often, will depend upon the character of the 
water and the amount passed through the filter. Jf the coal be in 
blocks, the clogging of the pores will indicate the necessity for 
cleaning ; 1f in granules (which on many accounts 1s preferable), it 
may be well to renew the charcoal once 1m six or twelve months, 
according to the amount of water used. In the case of a filter 
fixed with some permanence. it is worth while to have made a simple 
chemical examination, if there is reason to suspect the efficiency of 
the filter: this will indicate whether the work 1s still being properly 
pertormed. It ix true in the case of these, as of filters, in general, 
that unless attention 1s paid to them, and they are cleaned at proper 
intervals, their presence 1s worse than useless. 


1462.— What filters fulfil all the requirements of good household 
filters ? 


The filters which fulfil these conditions the best are the spongy 
iron carferal and magnetic oxide and carbide ot iron. 


1463.—Showld filters be placed inside cisterns ” 
No; in such positions they are neglected, their very cxistence 
being sometimes forgotten with the result that they become exces- 
sively foul and pollute the water they are intended to purity. 


1464.— What are the objections to cisterns and pipe filters ” 
They are too small for the demand. 


1465. —How may they be employed ? 
By attaching to an ordinary large filter to the supply pipe and 
fitted with a ball-cock and self-feeding valve. 


1466.— Describe a quod form of tap-filter recently invented. 


A tap filter (“the Gum”) has recently been brought out by 
a firm at Leeds, which consists of a small chamber containing finely- 
divided quartz. It can be fixed to most taps easily, and it is rever- 
sible, 30 that when the water has passed through it for some time in 
one direction, it can be turned round, the object being to remove the 
deposit that has occurred in the meantime, by reversing the direction 
-of the current. ‘This little filter is said to answer the purpose for 
which it is intended very well, but it must be remembered that the 
only effect it can have is purely a mechanical one, and for that 
reason, it is a question whether its use ought not to be discouraged 
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on account of the false security it may convey to the minds of the 
public. 
1467 .— What are the disadvantages of filters placed in cisterns ? 


Filters permanently fixed in cisterns are objectionable, as their 
existence is liable to be forgotten. and, consequently, they are neglect- 
ed and little likely ever to be renewed or aust 

The result is they become excessively foul and defile the water 
they are intended to purify. Small filters attached to service 
pipes are uscless for the purpose for which they are intended, as the 
medium 3s in such small bulk, that the water 1s long enough m con- 
tact with it toallow any purifying effect to take place It has been 
stated that such filters, if the filtering material be animal charcoal, 
will remove lead from water to some extent. 

From the above it 1s obvious that all filters in which the 
medium is permanently sealed up ought to be discarded, and it must 
be remembered that all so-called self-cleansing filters are a myth. 


1468.— What precaution should be taken every now und then in 
the case of permanent cistern filters ? 


In the case of a filter fixed with some permanence, it is worth 
while to have made a simple chemical examimation, if there is 
reason to suspect the efficiency of the filter; this will mdicate 
whether the work is still being properly performed. It 1s true in 
the case of these, as of filters in general, that unless attention is paid 
to them, and they are cleaned at proper intervals, their presence is 
worse than useless. 

1469.—Enume ate the substances used as filtering media ? 

As filtering media various substances are used, such as animal 
or vegetable charcoal, a mixture of fine silica and charcoal, magnetic 
carbide of iron, “ polarite,” careferal, spongy iron, “ carbo-calcis,” 
various com)inations of these agents, sponge, cotton wool, &c. 

1470.— What is the most common filtering medium used 7 


Carbon is the commonest of all filtering media; and animal 
charcoal is believed to havea far greater purifying effect than 
vegetable. Many efficient patterns of filters are made essentially 
of animal charcoal; others, equally good, depend upon silicated 
carbon, manganous carbon, or “careferal” (charcoal, iron, and 

~clay). Maignen’s “ Filtre Rapide” has no carbon block, but the water 
is made to pass through a mixture of powdered charcoal and lime 
(carbo-calcts), supported upon an asbestos cloth; like other animal 
charcoal filters, it seems to have the power of removing lead. 
Magnetic carbide of iron is another efficient medium. [Biscnorr’s 
spongy-iron filter, besides removing the organic matter, lessens the 
hardness, and often reduces nitrates to ammonia. CHAMBERLAND’S 
filter is made of unglazed porcelain, through which the water 1s 
forced under the prossure of the water pipes.*] 
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1471.— What forms of domestic filters are largely used ? 


Silicated carbon and manganous carbon block filters are almost 
universally used. They consist of animal charcoal compressed into 
blocks by admixture with silica or manganese. They do not yield so 
much phosphate of lime to water as the pure animal charcoal filters ; 
but they tend to become coated with a layer of organic matter 
which clogs the open pores. 


1472.—lihat are the principal forms of filters in use? 


1. Animal charcoal. 

2. ‘“ Careferal” (charcoal, iron and clay). 

3. Maignen’s (powdered charcoal and lime supported on 
asbestos cloth.) 

4, Spongy-iron. 

o. Unglazed porcelain. 


1473.— With regard to speed of delivery during filtration talulate 
the vesult of experience in animal charcoal, silicated 
carbon, and spongy iron. 


As regards rapidity of delivery, animal charcoal and careferal 
have the advantage over spongy iron and block filters in the follow- 
ing ratio :— 


1. Animal charcoal, { Water runs through fairly well purified 
2. Careferal, in 2} to 4 minutes. 

3. Silicated carbon, average exposure, 15 minutes. 

4. Spongy iron, s ‘i 32 3 


1474.— Which form of filters give most rapid delivery of water ? 


The filters formed of loose particles give a more rapid delivery 
of water than the spongy iron and block filters. 

Regarding such filters the late Professor Parkes stated :—This 
is an objectionable plan, and ought to be abandoned. Pipe filters 
are those which are placed in the course of a supply pipe, and tap- 
filters those which are fitted on toa delivery tap. The objection to 
most of those filters is that that they are generally much too small 
for the work expected from them, as they are usually represented b 
a small cylinder of block carbon or a few ounces of animal charcoal. 
For proper filtration the only way is to have a full-sized filter 
atached: to the supply pipe, with a ball-cock or similar apparatus for 
filling it. The object is of course two-fold,—first, to ensure that all 
the water drawn shall be filtered; and, second, to save the time 
required when the filter has to be filled by hand. 


1475.— What filters best fulfil the conditions requisite ina good 
filtering medium ” 


Those which are composed of spongy iron, careferal, magnetic 
oxide, and carbide of iron. 
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1476.— What ie silicated carbon ? 


It is the residue left after the distillation of bituminous shale—a 
coke mixed with mineral matters—two of carbon and one of mineral 
matters. 


147 7.—Describe the “ Silicated Carbon Filter.” How does it act ? 


The “ Silicated Carbon Filter” is held in high repute and consists 
of compressed blocks composed of carbon, silica, aluminia, and iron. 
It removes organic impurities, colouring matters, and especially lead 
in solution. At the same time the water is softened. New blocks 
are easily fixed to replace the old ones. The period of their activity 
is said to be about three years, but it would be dangerous to trust to 
the potentialities of a single block for such a prolonged period. The 
same objections as are made against all block filters hold good for this 
one. [The compressed blocks used in this filter are composed of carbon, 
silica, aluminia and iron. They remove organic impurities, colouring 
matters, and especially lead in solution. They lkewise soften the 
water. They are said to be efficient for from 3 to 5 years. New blocks 
are easily made to replace the old ones. This filter enjoys a good 
reputation. All block filters, however, are liable to crack or fissure 
and to allow unfiltered water to pass through. | 


1478 .— What are the stlicated carbon and manganous curbon block 
filters ? 


‘hey consist of animal charcoal compressed into blocks by 
admixture with silica or manganese. 


1479.— What are their advantages and disadvantages ? 


They do not yield so much phosphate of lime to water as the 
ure animal charcoal filters, but they tend to become coated with a 
ayer of organic matter which clogs the open pores. 


1480.—Of what does the filtering block of the Silicated Carbon 
Company filter consist ? 


Of 75 per cent. of charcoal and 22 of silica, with a little iron 
oxide and alumuinia. 


1481.— How are silicated carbon and charcoal block filtera cleaned ? 


Carbon and silicated carbon block filters are cleansed by 
thoroughly brushing the surface. After this they should be replaced 
and two pints of diluted Condy’s fluid (1—4 parts of water) allow- 
ed to pass through the filter. Then about 2 or 3 gallons of boiled 
and filtered water containing an ounce of muriatic acid should be 
passed through the filter. inally pure water should again be used 
to wash away the taste of the drugs used. The filter is then once 
more fit for use. 
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1482.— What objections may be ratsed against the majority of 
silicated carbon and sharcoal block filters ? 


That there is not a sufficient quantity of the filtering material, 
they are lable to clog from accumulated organic and other matters, 
and lastly they may be split, fissured or cracked and so permit of 
unfiltered water passing through them. 


1483.— Describe the improved granular charcoal filter. 


The “ Improved Granular Charcoal Filter” is an excellent form of 
filter. Its construction is simple, and its action efficient. The 
filtering medium is granular charcoal. [Almost all the different kinds 
‘of charcoal filters act efficiently, and indeed the same may be said of 
nearly all domestic filter media, when properly attended to. | 


1484.— Name some useful portable or pocket filters that may be used 
when travelling. 


When travelling, particularly in jungle districts, the small 
“ Pocket Silicon Carbon Filter,” “ Portable Carbon Filter,” or the 
“Stone Bottle Filter ” is very useful. With regard to the latter, when 
in use it is placed in a large-mouthed vessel containing the water to 
be filtered. The water should be allowed to stand for a while before 
immersing the filter. The water filters through the porous walls of 
the bottle into the intericr chamber. The filtered water thus pro- 
vided is usually potable. 


1485.— Describe the “ Magnetic Filter.” 


In this the filtering medium is magnetic spongy protoxide of 
iron, combined with a small proportion of carbon, forming what is 
known as magnetic protocarbide of iron. Its chemical activity has 
not been found to have diminished after more than twenty years’ 
use. It does not easily become clogged. 


1486.— What is the principle of Col. Creasr’s Service Filters for 
land and sea ? 


The principle of them all is a filter of strong durable material, 
which yields noe to water, space for a large quantity of filtering 
material, and a rapid delivery. The small filters may be earthen- 
ware or iron. the latter being protected internally by a patent 
cement ;—the larger tanks of iron protected in the same way.* 


Col. Creasz, C.B., Royal Marine Artillery, has arranged some 
excellent forms of filters, both small, for barrack, hospital, or ambu- 
lance use, and large tanks for ships or for large bodies of men on 
shore. 


Carbalite is now employed. By using a large quantity of the 
material, with a rapid delivery, a storage reservoir becomes unneces- 


sary. 
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1487 .— Describe Col. Creasr’s Patent Tank Filters. 


1. The tank is made of iron, lined with cement and is divided 
into three chambers. The two filtering boxes which it contains are 
filled with pieces of animal charcoal, one may be filled with 

-animal charcoal and the other with sand and gravel. The upper per- 
forated plates of the boxes are moveable, so that by means of screwed 
marking on rods attached to the fixed under ee which are also 
perforated, the filtering media may be lessened or compressed to any 
extent according to the degree of impurity of the water. The water 
descends through one box mto a small chamber at the bottom of the 
tank, which retains any deposit and then rises through the second box 
into the reservoir which contains the filtered water. The whole of 
the apparatus can be readily unscrewed, taken to pieces, and cleans- 
ed out when necessary, the joints being made water-tight by gutta- 
percha bands. Smaller filters on the same principle have also been 
patented by Col. Crease. It is known as “Cre \sr’s Patent Tank Filter”’ 
and is manufactured by Mr. Bettany, of the Tank-works, Mcllmall, 
London. It is now largely used in the navy and is specially suitable 
for large buildings, such as asylums, work-houses, etc. 


1488.— [What may he said in favour of Col. Crerse’s Patent Tank 
Filter ¢ 
That for simplicity of construction, adaptability to different kinds 
of water, rates of supply, and for efficiency, it can scarcely be im- 
proved upon. 
1489.— Mention a small domestic filter in much favour. 


One consisting of two glass vexsels—the upper containing a 
filter-block of compressed charcoal and the lower, which can be used 
as a water bottle, the filtered water. 


1490 — Describe a common form of filter in use in India. 


Domestic filtration can be readily carried out in all households 
in India. A simple form of filter is made by suspending three earthen- 
ware chatties, one above the other, in a trmangular wooden frame. 
The top chatty is kept half full of clean charcoal, the middle one half 
full of sand. Into the lowest one, the filtered water drops and is 
collected. A small hole is tobe made in the bottom of the two upper 
gurrahs. The lower two should be covered with perforated earthen- 
ware plates, and the uppermost one with an unperforated cover. 
These exclude dust, and prevent birds, squirrels, mosquitoes and 
other insects finding access to the water. An arrangement of this 
kind keeps the water cool and pleasant, and permits of free admix- 
ture with air, thus removing the fae eae and insipid flavour given. 
by boiling if this has been previously carried out. Every two months 
the charcoal should be thoroughly washed, brushed and dried in the 
sun; or fresh charcoal should be used. The use of an oven for this 
drying process is convenient and very effective. As the active part 
of the sand in filtration is the upper half inch or so, this should be 
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removed every four weeks, thoroughly cleaned and relaid, and every 
three months the entire quantity changed. There are many points 
in favour of this form of filtration if properly carried out. It is simple, 
inexpensive, easily constructed, and reliable, the filtermg media can be 
easily got at, cleaned, or renewed. The materials for its construction 
can be obtained in any village. To beefficient, however, it must becare- 
fully attended to. The covers must be kept on to exclude dust, bird 
droppings, mosquitoes, insects, etc. A clean vessel must be used in 
removing the water for use, and water should be removed from the. 
lowest gurrah only. The dbheestie if not watched may empty his 
museack into the lowest or middle chatty, to obviate the trouble of 
reaching the uppermost one.* [We may here mention with regard to 
the domestic supply of water by hand that when bheesties’ mussacks 
or pakale are in use, they add their quota of impurity. It is not easy 
to keep these bags clean and free from the possibility of polluting 
water. We have frequently seen mussacks ripped up, or cut into 
with the object of examining the interior, and almost invariably we 
found them lined with a thick layer of slimy organic matter. Besides 
the bheestie is not always particular as to whence he fills his bag.t] 


149 1.—Describe the CHAMBERLAND-PastEur Filter 7 


It is a porcelain cylinder through which the water is forced. It is, 
yerhaps, the best of all domestic filters. Its construction 1s very simple, 
for it merely consists of five or six tubes or cylinders of fine unglazed 
biscuit porcelain or earthenware, which may be screwed on to the ser- 
vice tap, when the pressure of the water will force the fluid through the 
pores of the porcelain, and a fairly rapid rate of filtration results. It is 
most efficacious in removing even the finest suspended particles, for 
even the bacilli of anthrax and their spores are by it effectually re- 
moved from water. This filter acts purely mechanically. It appears 
to be inefficacious for the removal of lead from waters. The surface 
of the porcelain tube in a short time becomes covered with a slimy 
coating, even when an apparently clean water 1s filterd. This coating 
is, however, readily and quickly removed by removing the tube and 
brushing it, or by washing it with hydrochloric acid. The water 
which has passed through this filter is sterilised. The filter is em- 
ployed for laboratory purposes where water in a state is required 
chemically pure. The bottom of the cylinder is connected with a 
water-main under pressure, the water issuing from the top. 

In this filter the water, under pressure is passed through five or 
six solid porous earthenware cylinders. The filtered water is 
entirely freed from all suspended matters, including all kinds of bac- 
terial organisms and their spores. The water is therefore sterilised, 
but the filter acting merely mechanically, there is no alteration in 
the chemical composition of the water. The filter is employed to 
sterilise pure waters for laboratory purposes where the water is 
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chemically pure. The bottom of the filter is connected with a main 
under pressure, the water issuing from the top. 


1492.— Describe Matenen’s “ Filtre Rapide.” 


The filter consists of a perforated hollow frame, covered 
with asbestos cloth, and fitted into a tinned iron or copper case. 
At the bottom of the frame is the outlet tube, which passes through 
a hole in the case, and to itis screwed the tap, thereby fixing the 
frame in the case. An air tube passes up through the frame, over 
which at the top ix placed a perforated screen. 


Tu the “ Filtre Rapide” (MaiGNEN’s patent), otherwise called the 

“ Carbo-caleis Fulter,”* the active filtering agent is purified animal 
charcoal intimately combined with pure msoluble calx. It is rapid 
and efficient in its action, and at the same time very convenient to 
use In purifying water from organic matter, ammonia, lime, sul- 
huretted hydrogen, iron, lead, and most of the mineral poisons. 

t practically removes all the suspended matter. It is said to 

have some influence in removing bacteria. It reduces the perma- 
nent hardness of water. The filtering material should be renewed 
every three months or oftener, especially if the water is of suspicious 
quality, or drawn from shallow wells. All parts of the filter are 
accessible, and the asbestos cloth, upon which the filtering medium 
rests, may be heated to redness and so efficiently purified when foul. 


The powdered animal charcoal, or other filtering medium, is laid 
over the strainer. The delivery of water through this filter is very 
rapid, and the asbestos and as can be easily renewed at very small 
cost. This filter onthe wholeis one of almost perfect construction and 
after the first or initial expense, its working costs practically nothing. 
It is easy to manage, 1s not likely to get out of order, and can add 
nothing in the shape of impurities to the water. 

1493.—How should MiiGnen’s “ Filtre Rapide” be cleansed ? 


Unscrew the tap atthe bottom, remove the screen at the top, and 
lift the frame bodily out of the iron case. The asbestos cloth can be 
cleaned without being taken off the frame, either by directing a 
stream of water on it, or brushing with the soft brush, or cloth; but 
great care must be taken not to injure or tear it by rough handling ; 
should it be injured, a new cloth can be substituted. Replace the 
frame as before, and resume filtering by again first using some of 
the carbo-calcis as above directed; it will be necessary also to clean 
and begin filtering with fresh carbo-calcis should the filter have 
been laid aside or not used for some time. Should the asbestos 
cloth become very dirty it can be untied, taken off the frame and 
roasted before a fire, to which it can be put close without fear of 
burning; it must be carefully reapplied. 





* Thisis the trade name given by the patentees to the material used as the 
filtering medium. Other media, however, may be employed, such as granular or 
fine charooal placed over the asbestos cloth. 
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1494.—How should Maicnen’s “ Filtre Rapide” be used 7 


The filter may be used either on or off an animal’s back, on the- 
ound, on a box, or attached to a wall, cart wheel, board, etc. 
n filtering, first nearly fill the filter with water, andthen mix one 
or two packets of the carbo-calcis in a bucket of water, and pour it 
into the filter over the screen; next open the tap, and place a bucket 
under it; at first some of the carbo-calcis will come through, and 
so long as it does so, simply return the same water again into the 
filter; ina very short time the finely-powdered carbo-calcis coats 
the asbestos cloth all over, forming thereon a perfect layer. The 
water will then come through pure and fit for use; and once this is 
established it is unnecessary to put in any more carbo-calcis, or touch 
the filter probably for a week or more, during which time it will filter 
constantly with a good flow. If the flow materially slackens, how- 
ever, it is a sign that the filter requires cleaning, and the frequent 
necessity, or otherwise, for that will of course depend upon whether 
the water used is comparatively clear or muddy. On the line of 
march, and after use, the filter should be allowed to empty itself com- 
pletely by the tap. It is not intended that water should be carried in 
the filter. Ifthe filter after use is not to be again used for some 
time, it should carefully be dried before being put aside. 


1495.— What is the advantage of the asbestos ” 


[t forms an excellent ‘strainer, and can he heated to redness, so 
as to destroy all organic matter, as often as necessary, and be re- 
placed. In the original patent, canvas cloth was used instead of 
ashestos, but it was found that it rotted and imparted organic impu- 
rities to the water. 


1496.— What is spongy iron ” 


Spongy iron is a granular substance, very porous, and resembles 
animal charcoal in appearance. It1is obtained from heematite iron 
ore by calcination. 


1497.— Discuss the question of its usefulness as a filtering medium ? 


The spongy iron which forms the filtering medium of Biscuorr’s 
patent filter is obtained by roasting hematite ore, reduced with- 
out fusion at a low temperature by means of carbon, and thus rendered 
vesicular or spongy. It acts both mechanically and chemically. It is 
exceedingly successful in oxidising organic impurities. It has the 
power of destroying miscroscopic vegetable organisms, but man 
authors assert it does not remove them. It has been proved eaperi- 
mentally by Frank tanp that living bacteria or their spores in water 
are destroyed by contact with spongy iron. This is certainly true 
with regard to the bacteria of putrefaction, but whether it is so with 
regard to the specific germs of disease has not yet been proved. Until 
recently spongy iron was the only filtering substauce known that 
destroys the bacterial forms of life. It removes lead. It also removes 
the inorganic and organic matter in solution, and in this respect is 
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about equal to charcoal. But unfortunately animal charcoal has 
exactly the opposite quality with regard to bacterial life to that pos- 
sessed by spongy iron. Spongy iron removes lead in solution, and 
reduces the hardness of the water. After the experience of four or five 
years, its purifying action remains unaffected ; but it is recommend- 
ed that the filtering medium should be renewed about once a year. 
One condition of its use is, that it should be always covered with 
water to prevent atmospheric oxidation. Water will not deteriorate 
if left in contact with spongy iron. 


The property possessed by spongy iron and the magnetic carbide 
and oxide of yielding nothing to water, no phosphates or other germ 
nutrients, is a most valuable one; for the water, after filtration, can be 
stored for any length of time without any great deterioration from 
growth of microscopic organisms. The special fitness of the a 
netic carbide of iron or of polarite for filtering a town water-supply 
on @ large scale lies in the fact that, when once the beds of these 
materials are inside, they need never be disturbed or renewed, and 
thus an enormous amount of labour and expense are avoided. The 
aération by intermittent filtration, which is essential for magnetic 
carbide of iron, if it is to retain its oxidising properties, must not be 
practised with spongy iron as the latter cakes on exposure to the air. 


In a number of .experiments conducted at Netley and continued 
over a period of eight months, it was the only one the effluent from 
which never developed bacteria or any form of organisms. 


1498.— What are the special advantages of Biscuorr'’s spongy tron 
filter ? 

BISCHOFF’S spongy iron filter, besides removing the organic 

matter, lessens the hardnesss, and often reduces nitrates to ammonia. 


1499. — What experience have we in regard to the use of spongy iron 
on a large scale ? 


One of the most interesting experiments on the purification of 
water on a large scale was made at Antwerp in 188]. The water 
was first passed through a layer of fine sand, and then through a 
filter of spongy iron mixed with gravel. This filter was, however, found 
to clog at the top rather rapidly and the iron also required somewhat 
frequent renewal. [t was found on further experiment that the water 
could be purified more economically by scattering cast Iron borings 
in the water as it flowed through horizontal revolving cylinders; these 
cylinders were furnished with projecting plates fastened at intervals 
round the inside; as the aylinder revolved the iron was scooped and 
discharged on reaching the top. The iron was in this process first 
converted into ferrous oxide by the oxygen in the water; the ferrous 
oxide was next in part dissolved by the carbonic acid as bicarbonate, 
a salt very easily decomposed into ferric oxide, which finally preci- 
pitates carrying organic matter down with it, the precipitate being 
very easily removed by filtration through sand. 
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1500.— What waa the experience of the Rivers Pollution Commis- 
sioners on spongy iron ? 


They found that spongy iron filters not only considerably reduced 
the proportion of organic matter in water, but also reduced the 
hardmess—in some cases ag much as 50 percent. They also found 
that nitrates and nitrites were peicesd: by spongy iron, a small 
proportion of their nitrogen being converted into ammonia. In this 
way all evidence of previous sewage or animal contamination was 
destroyed (6th Report of the Rivers Pollution Commissioners). 


1501.— How does spongy iron act chemically on water ? 


Spongy iron decomposes part of the water into H and O, the O 
acting upon organic matter; the spongy iron, however, gives some of 
its iron to the water, but the M,O, takes it up. It must be kept 
under water or it loses its spongy character and cakes into a solid mass. 
Spongy iron thoroughly oxidises impurities and does not favour vege- 
table growth; it never yields to water the impurities it has removed 
or destroyed. 

15023.— What disadvantages has it ? 


It is slow in action; the water must be in contact with the spongy 
iron for a certain time for it to act; charcoal filtered in 2} minutes 
what the spongy iron did in 22. 

Most filtering media containing iron, give some of it to the water: 

1503.— How do some Water Companies obviate this ? 

By adding M, 0, to the media. 

1504.— What precautions are necessury with regard to the wae of 
spongy iron ? 

The spongy iron must be kept covered over with water, and 
should be renewed about once a year. 

1505.— How is caking of the spongy iron prevented ? 


By means of a syphon the water is prevented from descending 
below a certain level. 


1506.— How are the traces of iron added to the water by spongy 
tron filters removed ? 

The water which has filtered through the spongy iron is depriv- 

ed of the iron 1t may have taken up, by passing it through fine gravel, 


and pyrolusite, a crude oxide of manganese. (See answer to last two 
questions.) 


1507 .— What was the late Prof. Parkes’ opinion as to the advan- 
tages and disadvantages of spongy iron 7 


Spongy iron retains its efficiency for a long time, and, as in the 
filters made with it the flow of water is expressly limited with re- 
ference to the bulk of material, the difference is solely in relation 
tothe greater or less impurity of the water acted upon. Its effi- 
eiency may generally be depended upon for a year, and, unless the 
water be very impure, even for a considerably longer time. The 
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experiments (by cultivation) of Dr. P. FRaNKLAND would seem to indi- 
cate amuch earlier failure of efficiency, and it would be well to have 
the water tested both chemically and biologically at intervals to be 
assured of the continued efficiency of the medium. When the limit 
of efficiency is reached, the only safe plan isto renew the charge of 
material, and it is generally advisable to provide for this renewal 
once a year or oftener, if examination of the water indicates the 
necessity of it; should circumstances arise, however, to prevent this 
renewal, the best plan for cleaning is to subject all the material to the 
action of fire up to a low red heat, then to wash the whole well, and 
return it into the filter. The cleansing with permanganate and acid 
must not be attempted. 


1508.— How is the calting now prevented 7 


By means of a syphon the water ix prevented from descending 
below « certain level. lt may also be prevented by having a strainer 
if the water has much suspended matter. 

1509.—IJs the spongy iron filter popular ” 

Biscnorr’s spongy iron filter has come largerly into use. The 
water which has filtered through the spongy iron, is deprived of the 
iron it may have taken up, by passing it through fine gravel and 
pyrolusite, a crude oxide of manganse. 

Spongy iron thorougly oxidises iupurities and does not foster 
vegetable growth, nor yields to water the impurities it has removed 
or destroyed. 

1510.— What was the late Prof. PAkKES’ opinion as to the use of 
spongy iron as a filtering mediu % 

It acts upon water itself, decomposing it and setting free hydro- 
gen,—the oxygen being afterwards given up to organic matter that 
may come in contact with it. Its oxidising power is very great, 
although perhaps a little slow. Eaperiments at Netley showed 
that it could be depended upon to remove the greater part of the 
dissolved organic matter, and with prolonged exposure the whole of 
it in many instances. It has not much effect on mimeral matter, but 
removes lead. It yields a little iron to the water. which, however, 
‘can be removed by further filtration through prepared sand,—that 
is, sand or fine gravel with pyrolusite. Beyond this nothimg is yield- 
-ed to the water, which comes out quite clear and pure, and may be 
stored for along time without undergoing any change or showing 
signs of the production of living organisms,—or in any way favour- 
ing putrefaction. Water left in contact with it does not deterio- 
rate. It retains its filtering power a long time,—very much longer 
than animal charcoal. These qualities are fully confirmed by the 
biological experiments of P. FRANKLAND. Such properties render it 
suitable for use on a large scale, and it has been so used in several - 
places, as for example, in the Water Works of Antwerp. On the 
whole, it must be looked upon as one of the most powerful and last- 
ing filtering media we have. 
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1511.— What is carbide of tron, and what ta iis action ? 


It is a filtering medium, prepard by roasting a mixture of hema- 
tite with saw-dust. In action it is very similar to spongy iron. 
[The same may be said of magnetic oxide of iron. ] 


1512.— What effect has magnetic carbide of iron in oxidising 
dissolved organic matters ? 


The magnetic carbide of iron has as a very considerable effect in 
oxidising dissolved organic matters in the water, converting them 
into nitrates and nitrites; and this oxidising action is greater the 
longer the water remains in contact with the particles of magnetic 
carbide, that is to say, the slower the filtration. The layers of sand 
effectually remove the suspended matters in the water, which thus 
reaches the magnetic carbide perfectly clarified. 


1513.—How is the filtering material of the magnetic carbide filter 
prepared ? 


By heating hematite with saw-dust. The only objection to it 
is that it communicates a slight taste of iron to the water, but this 
may to some extent be prevented by passing the filtered water 
through sand mixed with native manganese oxide or pyrolusite. 

[Spongy iron and careferal may be used as mechanical filters to- 
separate suspended matters, but the magnetic carbide and oxide ‘of 
iron should be used only as a chemical filter, to oxidise or remove 
dissolved impurities in the water. Careferal should be removed 
fee once a year, or it may be purified by exposing it toa low red 

eat. 


1614.— What substance is now gaining in favour ” 


The magnetic oxide of iron produced on the xurtace of the 
metal by Barrr’s process. 


1515.— \Vhere is scrap iron used as a filtering medium ? 


At Antwerp and other places on the continent scrap iron 
(ANDERSON’S process) 1s now being used for filtering water on 4 large 
scale. 

The scraps of iron are placed in a cylinder, which is caused to 
revolve on its long axis. The inner circumference of the cylinder is 
provided with short curved shelves reaching from end to end, which, 
when the cylinder is revolving, serve to direct a shower of iron through 
the water as it passes through the apparatus. 

The water 1s then exposed to the air by flowing along a trough, 
BO as to Cause a precipitate (as ferric oxide) of the iron taken up in 
the revolving cylinder, and this precipitate 1s subsequently removed 
by filtration through sand. 


1516.— What other material very similar to spongy iron has lately 
been introduced ? 


A very similar material called polarite has lately come into use.. 
It contains about 50 per cent. of magnetic oxide and carbide of iron, 
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combined with other insoluble mineral matters, and is capable of 
producing equally good results with those above described. 


1517.— What is peculiar about the action of polarite on micro-- 
organisms 2 


One of the most valuable properties of polarite is the power it 
possesses of sterilizing air that may be passed through it, and by the 
process of combustion already described, destroying all noxious 
germs. Inthe apparatus now being described, air is admitted to the- 
tunk containing the purified water, only through a “ sterilizer,’ which 
is # box containing finely granulated polarite, placed above the level 
of the supply cistern, and communicating with the pure water tank 
hy means of a pipe. Thus the sterilized air is admitted automatically, 
and the oxygen, freed from all germs, is absorbed by the purified 
water, causing it to become fresh and sparkling like spring water.. 
This apparatus will supply 500 gallons per day. 


1518,.—Whaut are the special virtues of polarite as a purifying 
agency 7 
Tt has good oxidising properties, and yields nothing to water 


which is favourable to organic life; but its lasting powers are inferior- 
to spongy iron and magnetic oxide and carbide. 


1519.—How is polarite prepared ? What are its properties asa 
filtering medium ? 


The magnetic spongy carbon or polurite is prepared from a 
peculiar description of carbonate of iron found in certain parts of 
South Wales. In its original state it is hard, non-absorptive, and 
non-magnetic. It is carbonised in retorts, and treated by a patented 
process, and then granulated to the degree of fineness required. By 
applying water to the sample, the extraordinary absorptive powers 
can be seen, although the pores are so microscopic as to be invisible 
to the naked eye. In the pores of this material a process of combus- 
tion takes place, similar to that with spongy platinum; by this 
means lnpurities may be said to be actually burnt out of the water: 
brought in contact with magnetic spongy carbon. That the material 
is actually magnetic to » high degree is proved by the action of the 
grains when brought under the influence of a magnet. 


Its percentage composition is said to be as follows :— 


Magnetic oxide of iron . 93°85 
Alumima : : : : ‘ ; . 068 
Magnesia. ; : : : . do 
Water with a trace of carbon — . ; . Ol] 
Silica . : ; : g ‘ : . 25°50 
Lime . , : ; . . ; . 201 





100°00 
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It contains, therefore, no poisonous metal; is very hard, porous 
and absorptive. It extracts iron and lead from water, and destroys 
organic matter in solution. It is a powerful declorizer and deodo- 
rizer by virtue of the polarized oxygen contained within its mioro- 
scopic pores. It is extremely durable and magnetic to a remarkable 
degree, and notwithstanding that iron is the chief clement in its 
constitution, it will not rust. 


There is reason to believe that polarite acts also as an electrolyte, 
breaking up the molecules of water into their elementary com- 
ponents, catching and condensing the oxygen and accelerating its 
revivification. This property has been disputed. and is now being 
investigated by Dr. Angell. 


“That the material is rustless is proved by the production of a 
sample taken from the Acton filter beds, which has been subjected 
to the action of air and water for eighteen months. There are 
several methods of applying this material to the purification of 
water. The water-supply of towns can be purified on a lange scale 
by passing it through filter beds, constructed in a similar manner 
to the ordinary sand filters, but with the addition of a layer of 

olarite at least 6 inches thick, mixed with an equal quantity of sand. 
e best mode of constructing such a filter is shown by Fig. 2. At 
the bottom are placed 4-inch common agricultural drain tiles, sur- 
rounded with broken stones, then a layer of gravel from 4 inches to 
6 inches thick, 4 inches of sand, 12 inches of sand and polarite in 
equal parts, and lastly, 9 inches of sand, making a total depth of 
filter of 2 feet 9 inches to 2 feet 1] inches. Space must be provided 
above the sand for a depth of from 6 inches to 12 inches of water, 
according to the rate at which it is desired to pass the water through 
the filter. Such a filter will purify water at the rate of from five 
hundred to one thousand gallons per square yard in 24 hours, which 
1s a higher rate than can usually be obtained with an ordinary sand 
filter. Considerable economy in the construction of filters can be 
secured by the use of polarite, for although that material costs more 
than sand, the area of the filter can be considerably reduced, owing 
to the greater rapidity of filtration; and the depth is also reduced 
from 8 feet, or 5 feet 6 inches, to practically 3 feet, thus greatly 
reducing the first cost.” 


The value of a porous magnetic oxide of iron that will not rust, 
can scarcely be over-estimated, as its powers as an oxidizer approach 
that of ‘spongy platinum.” The potency of a substance ag a purify- 
ing, deodorising, declorizin ad filtering medium is sae ae 
upon, and may be measured’ by, its power of occluding and polarizing 
oxygen. The occlusion or condensation of oxygen takes place upon 
all surfaces, both interstitial and superficial, consequently that 
material which presents the largest surface in the smallest cubical 
space is the most powerful purifier, provided it is composed of a 
proper substance. 
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Spongy platinum practically fulfils all the conditions necessary 
in a good filter, and in consequence is the most powerful purifier and 
filterer, and the hexst insoluble oxidiser known. The process of oxi- 
dation that takes place in the pores of spongy platinum 15 50 active, 
that a ball of this material has been used to ignite inflammable 
vapours, without the cae of any heat other than that gener- 
ated in the pores of the spongy platinum; the enormous price of 
that material precludes it from being employed on a practical scale. 


1520.— Show by a table the results after filtration through polarite. 


The following is a report on two samples of water which passed 
through polarite. 


~ - Pe ee ere a= — se rn ne TE alate ery acta tee” 


Grains per Gallon. 





ee 








Pane Coane tment ~_— 





eae | Unfiltered. 
Free Ammonia. . . A trace only. | "02032 
Albd. Ammonia. >. | 0860 “05096 
Oxygen absorbed 15 min. at | 
80°F. . ’ : 0476 1764 
Nitrogen as Nitrates . 2 | 17288 18432 
Colour : : Pale yellow. Deep orange yellow. 
Odour 2 : ; . Odourless | Disagreeahle. 
Total Solid. “ 25°76 31°36 
Residue ; Clean. Dirty. 
On Tgnition | Darkened. Darkd. much. 
Slight odour. | Strong urinous 
odour. 


terre 
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These figures show a very remarkable degree of purification by 
filtration. 

Thames water taken at Hampton Court has beeen purified by 
filtering through “ polarite’ at the rate of one thousand gallons per 
square yard in 24 hours, and the results obtained have been excellent. 


1521,— What is careferal ? Is ifa good filtering medium ? 


A combination of calcined clay with saw-dust (charcoal) and a 
small quantity of tron. 

It has good oxidising properties, and yields nothing to water 
which is favourable to organic life, but its lagting powers are inferior 
to spongy iron and magnetic oxide and carbide. It is losing its 
former popularity. Some experiments conducted at Netley by the 
late Professor pe CiaumoNntT showed that for a time it acted as an 
efficient filtering and oxidising medium and then became less and 
less active, until it was useless. 
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1522.— Hew may careferal be employed on a large scale and what 
are its effects as @ fliering medium ? 


Careferal should be employed, so that the whole bulk employed acts 
as filtering material. By using a large quantity of the material with 
a rapid delivery, a storage reservoir becomes unnecessary. The de- 
livery can be regulated by screwing down or loosening a plate in the 
filter, so as to compress the material, or slacken the pressure as 
required. 

1523.— What form of material should be excluded from filtering 
media ? ; 

All organic substances, such as sponge, flannel, cotton-wool, and 
tow, should not be used as filtering materials, either alone or com- 
bined with charcoal, etc. Any action they may possess is purely 
mechanical, and sooner or later they decompose and add impunity 
to the water. 


1524.— What may be said of sponge used as a filtering agent ? 


It has a considerable effect in mechanically arresting suspended 
particles, but very httle on dissolved matters. It soon clogs, and 
ought not to be used. 


1525.— Is sponge commonly used as a filtering medium ? 


It is now not often used It merely removes suspended particles 
and soon clogs and becomes foul. Sponge filters require constant 
attention, and frequent cleaning and renewal. Asbestos is a much 
better material, and can easily be re-burnt. It acts only mechani- 
cally. [Strainers of sponge, or any material which cannot stand the 
action of fire, ought also to be given up. Asbestos forms an excellent 
strainer, and can be heated to redness, so as to destroy all organic 
matter, as often as required. } 


1526.— Why are sponge filters now considered dangerous to use ” 


Because although they remove the suspended matter, organic 
and inorganic, they harbour the development of vegetable micro- 
organisms and soon become very foul.* 


1527 .— How te a domestic filter to be cleaned ? 


Tt may be taken to pieces every two or three months (according 
to the kind of water), air blown throughit, and if it is in a block 
form, well brushed, then pour a solution of 20 or 30 grains of potas- 
sium permanganate to a quart of distilled water with 10 drops of 
strong sulphuric acid through it. After this, a solution of half-an- 
ounce of hydrochloric acid to four gallons of distilled water; then 
* We have cut open a sponge of about 8 inches in diameter, that wasin use 
for nine months and found that it was almost choked up witha semi-putrid 
slimy material, crowded with various forms of vegetable organisms, mould, and 


amesboid forms. 
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rinse thoroughly with pow of distilled water, or good rain water. 
If the carbon is not in the block form, it may be boiled with Condy’s 
flnid dried, and reburned, and then used again. 


1528.— Before a filter is used what should be done to it 7 


It is necessary before a filter is used that from 10 to 20 gallons 
of water should be passed through it, as all filters in the first instance 
yield a certain amount of foreign matter to the water. The most 
difficult to cleanse are the block carbon filters, but this may be ac- 
complished by first carefully brushing the surface and pumping air 
in the reverse way, and afterwards allowing a mixture of dilute 
Condy’s fluid with a little hydrochloric acid to pass through it, until 
it comes out a distinct pink colour. It is obvious that m the more 
compheated filters the cleansing can only be properly done by the 
maker, to whom it ought to be sent for the purpose.” When the 
filtering medium is loose charcoal, it may he cleansed in the same 
manner with Condy’s fluid and acid, but the simplest plan in this case 
is to renew the carbon. 

In both cases, after cleansing or renewal, it must be remember- 
ed that the clean water must be passed through the filter before it is 
again used. This cleansing process must be conducted at intervals, 
varying in accordance with the amount of impurity present in the 
water filtered, but the interval ought not to be longer than six 
months. 

Every filter ought to be carefully inspected, and, at periodical 
times, the material onght to be removed and thoroughly cleansed. if 
that be possible ; and if it cannot be cleansed, a fresh su ply ought 
to be substituted for it. The small expense incurred in dhe way IS a 
wise outlay, in order to secure immunity from dangers that are 
otherwise certain to arise sooner or later. 

In the case of spongy iron filters Condy’s fluid and acid must 
not be used, but the material may be cleansed by burning it, although 
in this case also, the best plan is to renewit As spongy iron 
retains its filtering power longer than charcoal. this process need 
not, probably, be gone through oftener than every twelve months. 


1529,— ls sponge made use of as a filterung meterial ? 


Sponge occasionally forms part of the filtering material. They 
should be placed in boiling water for a few minutes every two days. 


1530.— What water-botile is used by the British soldier ? 


The Italian water-bottle has been officially adopted in our 
army, but it is doubtful if it has any advantage except its conveni- 
ent shape. It certainly imparts an unpleasant taste to the water at 
first, and presents difficulty in cleaning. Probably an iron bottle 

coated by the Bower-Barff process), covered with leather, would be 

etter. For convenience however nothing is better than an ordinary 
soda-water bottle covered with felt or leather slung over the 
shoulder. 
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1531.—Give a brief resume of the methods employed for the re- 
moval of impurities from water ? 

Distillation, boiling, exposure to air, 

Organic matter by } alum, permanganates, tannin, and by 
agitation with coke, etc. 

Carbonate of lime by—Boiling, and addition of caustic lime. 

Iron by—Boiling, lime, and, in part, by charcoal. 

A coimhinaeion of alum, line, and sodium carbonate removes the 

temporary, and even reduces the permanent hardness somewhat. 


1532.—Give a reaumeof the methods employed for the purification 
of water ? 


Nature purifies water from ee and animal matter by de- 
composition and oxidation, aided by subsidence and filtration 
through porous strata, and also by evaporation and condensation. 


Artificially, water may be purified by 

(1) Distillation. 

(2) By precipitating injurious matters by addition of various 

ingredients, by boiling, etc. 

(3) By filtration. 

1. Distillation will ensure pure water if properly carried out. 
The water should always be tried with a few drops of 
dilute nitric acid and silver nitrate before use; if no 
haze is produced the water may be safely taken. 

Precautions.—Aérate water ; it will not keep good long ; 
avoid lead in the apparatus, and take care foul water 
does not leak through. 

2. (a) Boiling gets rid of calcium carbonate, hydrogen sul- 
phide, and lessens organic matter and iron. Repeated 
boilings will destroy micro-organisms. 

(b) Exposure to air in divided currents, as through a sieve, 
removes hydrogen sulphide, offensive organic vapours, 
and perhaps dissolved organic matters. 

{c) Alwminous salts act well if calcium carbonate be present ; 
a sulphate is formed, and with a bulky hydrated alum 
precipitate floating matters are carried down. To a 
gallon of water add six grains crystallized alum, addin 
first, should the water be soft, a little chloride of cal- 
cium and sodium carbonate. If Birn’s Patent Fluid 
be used (ter-sulphate of aluminium) twenty drops are 
added to a gallon. 

(d@) Lime (Cuiark’s process) combines with carbonic acid and is 
precipitated with the calcium carbonate already in the 
water, carrying with it suspended matter and some dis- 
solved organic matter and iron. It arrests micro- 
organisms. Does not affect sulphates and chlorides of 
calcium and magnesium. On a large scale ATxKIN’s 
modification is used. | 
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(e) Sodium carbonate throws down sulphate of lime, leaving 
sodium sulphate in solution, and lead if present. 

(f) Potassium or sodium permanganate removes the offensive 
odour of impure water kept in casks, etc. ; of hydrogen 
sulphide ; suspended matters are carried down by the 
manganic oxide precipitate. Gives a yellow tint to 
some waters from presence of finely-divided manganese 
peroxide ; it is not injurious, but may be removed by 
addition of alum or by filtration. Add Condy’s finid, 
a teaspoonful at a time, to three or four gallons of water 
until a faint purple tint appears and remains for some 
hours. Asa prelimineey to the alum process it is 
useful. 

(9) Perchloride of iron purifies turbid waters from clay, etc. 
To a gallon of water add two and a half grains of the 
solid perchloride. 

(h) Strychnos potatorum is used in India; probably carries 
down suspended matter. 

(t) Lron wire and magnetic oxide of iron are said to remove 
organic matter. 

(7) Immersion or boiling in the water of certain vegetable 
bodies, especially such as contain tannin; tea, kino, 
bitter almonds, ete., have been used.* 


CHAPTER XIV. 
(aaseS IN WATER. 


1533.—Of what qases is water composed ¥ 
Oxygen and hydrogen 


1534.— How may this be shown ” 


It may be demonstrated, both by synthesis and analysis, that 
absolutely pure water is a true union and condensation of two gases, 
oxygen and hydrogen, in the De ead by volume of two of the lat- 
ter and one of the former, and by weight, eight of oxygen and one of 
hydrogen. Its weight in the gascous state relative to hydrogen is 
9, and its chemical formula H,O. (For other important points in 
connection with the relation of potable waters to gases vide Part I, 
Chapter I, p. 9 e¢ seq.) 


1535.— Whit are the gases generally found in water ? 
O, N, Co,, and sometimes CH, (in marsh water) and H,S. 


* ALLEN’S Atds to Sanitary Science. 
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1536.— What amounis of different gases should be contained in 
a good and wholesome water ? 


Waters vary considerably in the proportions of their gaseous 
constituents. When freely exposed to the air, a good water which is 
not consuming oxygen by means of the organic matter, nitrites, or 
ferrous salts ahieh it contains, ought to contain about 14 cubic inches 
of oxygen per gallon; and, to be palatable, to contain a fair propor- 
tion of carbonic aid gas in solution, so as to be brisk and not vapid 
in flavour. [There should be no odour in water ; but the presence of 
a traceof sulphuretted hydrogen odour when freshly drawn from a 
deep source is not prohibitory of its use. ] 


1537.— How cre the gases of water estimated quantitatively ? 


By means of the following appliances:—A mercurial trough, 
graduated glass tube filled with mercury and inserted in the trough, 
by a flask and connecting tube. The water placed in the flask is 
boiled for an hour and the gases thus evolved are collected in the 
graduated glass tube. 


1538.—By what apparatus and in what way may we ascertain the 
presence and teat the nature and quantity of gases in 
water 7 


So far asour knowledge extends at present, there seems to be 
but little information obtained by the determination of the amount 
of gases in water; but if it 1s decided to do so, we require a mercu- 
rial trough, a graduated tube-measure to be filled with mercury and 
inverted into the trough, a flask and a connecting tube with a bulb 
blown on it. The flask is filled with water and connected with the 
bulb-tube by an India-rubber tube, which is to be closed by a clamp. 
Some water is put into the bulb, and boiled; this is to expel air 
from the connecting tube ; and whenthis is done, the end of the 
tube is put into the mercurial trough under the vessel filled with 
mercury, the clamp is removed from the India-rubber tube, and the 
water 1s cautiously boiled for an hour. The gases collect in’ the 
mercurial tube, and are measured (due regard being bad to temper- 
ature and pressure, and the other corrections); the CO, is absorbed 
by potash, the oxygen by potassium pyrogallate, and the nitrogen is 
read as the residue.* If water contain much CO, bubbles of the gas ° 
form on the sides of the glass in which the water is placed. 


1539.— What apparatus are needed for the quantitative estumation 
of gases in water 7 


Apparatus, etc.—A flask holding exactly, when fitted to the stopper, 
700 decems (16 ounces) ; a glass bent tube with a bulb on it; one end 
is fitted into the stopper of the flask, the other 1s so bent as to pass 
below the mercury in a mercurial trough; a glass tube about a 
foot long, closed at one end, and graduated into 10ths of a cubic 
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inch at that end; this tube must be filled with mercury and invert- 
ed in the mercurial trough; a bulbed pepette turned up at the end 
for introducing the solutions of caustic potash and of pyrogallic 
acid. 


1840.—How are carbonic acid gas, oxygen and nitrogen deter- 
mined quantitively ? 


By the following process :— 

1. Fill the flask to the under-surface of the stopper. 

2, Boil some water previously placed in the bulb to expel all 
the air in the tube. 

3. Place the open end of the tube under the graduated tube 
standing m the mercury. 

Now gently boil the water in the flask to liberate the gases. 

5. Note the measure of the gases obtained. 

6. Pass up into the measuring tube with the aid of pepette a 
solution of caustic potash (one part of dry-potassium hydrate in two 
of water) equal to about 5 to gy of the volume of the gases. When 
no further decrease of volume takes place read off as CO,. 

7. Now pass up as before a solution of pyrogallic acid (10 grains 
of acid in 5 or 6 decems of water). 

8. Slightly shake the tube. 

9. Read off the oxygen present as equal to further decrease in 
volume. The nitrogen will remain asa residual product, and the 
amount may thus be determined. 


15641.— Wiat is Dr. FRANKLAND's method of estimating the gases in 
water 2 


It is a very ingenious method by which the gases are removed 
without employing heat. It is carried out by means of a modification 
of the Sprengel pump. The vacuum at the top of a barometer acts the 
part of an air-pump. This process may be carried out in such labora- 
tories as are engaged in making water analyses, but the ordinary 
M.O.H. is not likely to be called upon to carry out this process. 


1542.— What is che relation of CO, to water which is from ordi- 
nary sources of water-supply ? 


All waters contain it more or less, the CO, of the air being dis- 
solved. Rain water dissolves comparatively small quantities of 
CO,; 25 gallons of lake water seldom contain more than a quarter 
or half a pint of dissolved carbonic acid gas. This gas is very solu- 
ble in water, but as only four parts of it are contained in 10,000 
parts of air, rain water contains but a small amount of it. Ordinary 
river,and well waters contain considerable quantities of carbonic 
acid gas. ‘This is accounted for by the fact that in the decomposi- 
tion and oxidation of the organic matter which gains access to rivers 
and wells, carbonic acid is generated and dissolved. Water falling 
on the ground, finds its way to the animal and vegetable matter in 
the soil. The oxygen already dissolved in the water, oxidises the 
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organic matter, and carbonic acid is given off in the process of de- 
eomposition. The water, deprived of its oxygen, absorbs a fresh 
supply from the air, and the formation of itional quantities of 
carbonic acid gas is repeated; so that the water becomes more 
and more saturated with it. Such is the main source of carbonic 
acid of water. 

There is yet another source of carbonic gas in water that tra- 
verses the soil, viz., the air of the soil itself. ‘The air gn the surface 
soil contains a considerable amount of carbonic acid gas (about 200 
times as much as ordinary air, the proportion increasimg as’ the 
depth increases). This carbonic acid gas has likewise been formed 
by organic decomposition. The water im its passage through the 
soil carries much of this carbonic acid with it, and this carbonic 
acid dissolves out any minerals met with that are soluble in a car- 
bonic acid water. Chalk is thus dissolved, and the oxide of lime 
and soda are converted into carbonates. 

Tt is the existence of this carbonic acid gas that gives good 
water the pleasant briskness, freshness and sharpness to the palate. 


1543.—How does carbonic acid gas affect the salts contained tn 
natural water 7? 


The presence of CO, in watcr adds materially to the solvent power 
of the water upon many ingredients of the soil which are thus often 
introduced into the water—such as sulphate and carbonate of lime, 
chloride of sodium, magnesium salts, and certain organic matters of 
the surface. 


L.— How may the gases O, CO,, and N be isolated ? 


The O is separated by pyrogallate of potash; the CO, is absorb- 
ed by caustic potash, and the N is the residue. 


1545.— What are the hygienic relations of sulphuretted hydrogen 
to water ? 


The presence of sulphuretted hydrogen is usually indicative of 
considerable deterioration of water. This gas is known by its odour. 
It is frequently found in water from superficial wells and in drying up 
tanks. It is formed in these by the deoxidation of sulphates of metals, 
and this deoxidation is effected by plants undergoing decay. The oxy- 
gen of the basic sulphates combines with the carbon of the organic 
matter to form carbonic acid, and the sulphate combines with hydro- 
gen to form sulphuretted hydrogen. 

If the gas is present in any quantity, it can be detected by the 
smell. Alkaline sulphides have, however, less smell. Both, even 
without smell, can be detected by salts of lead. A large quantéty of 
water should be taken in an evaporating dish, and a little clear fead 
subacetate or acetate allowed to flow tranquilly over the surface. 
Black fibres of lead sulphide are formed. If lead acetate is mixed 
with solution of soda until the precipitate which at first forms is 
re-dissolved, a very delicate test-liquor is obtained. Solution of 
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sodium nitro-prusside is also a delicate test, and gives a beautiful 
violef-purple colour. As it acts only on the alkaline sulphides, a 
little solution of soda or ammonia must also be added to detect the 
free hydrogen sulphide. 


1546.— What is the test for sulphides in water ? 


Nitro-prusside of sodium gives a black precipitate with lead, 
but the absence of colour with nitro-prusside shows that the sul- 
phuretted hydrogen is uncombined. 


1547.—Does the nitro-ferride of sodium differ from H,S and 
sulphides ? 


Yes: for it does not re-act upon uncombined H,S. [Ofa black 
hue with acetate of lead solution, but absence of colour with the 
nitro-ferride solution shows the H,S to be uncombined. } 


1548.—JVhut opinion should the presenceof H,S oralkaline sul- 
phides in water elicit ” 


The presence of hydrogen sulphide or alkaline sulphides ought to 
condemn the water. 


CHAPTER XV. 
MINERALS IN WATER. 


1549.— Under what headings may the impurities of water be con- 
veniently considered ° 


Firstly, water rendered impure by an excess of mineral substance ; 
secondly, water rendered impure by the presence of vegetable mat- 
ter; thirdly, water rendered impure by animal organic matter. 


1850.— Js the umount of mineral substances in water of much con- 
sequence ? 


Of late years, an opinion has been expressed that the amount of 
the mineral substances is of little consequence. This can be true 
only in a limited sense; there are some mineral substances, such as 
sodium chloride or carbonate, or calcium carbonate, which, within 
certain limits, appear to do no harm. But in the case of other 
minerals, such as calctum and magnesium sulphates and ’chlorides, 
and calcium nitrate, there can be little doubt that their use is inju- 
rious to many persons.* 


1881.— Which of the mineral ingredients are least harmful” 


Many authorities hold that certain mineral ingredients, especi- 
ally the alkaline carbonates (those of calcium, magnesium, sodium and. 
potassium, and even the chlorides of these metals) may exist in large 
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quantities without producing any deleterious effect on the animal 
economy ; and we may state that a small excess of mineral constitu- 
ents in water is of subordinate importance. On the other hand the 
majority of hygienists consider that very great excess of mineral 
impurities of any kind in water is capable of producing various forms 
of disease. 

15523.— What are the commonest salts of water ? 

Carbonate of lime and magnesia, the latter held in solution by 

excess of CO,. 

1553.— What mineral matters may be met with in water ? 


These depend on the strata through which the water has passed. 
The chief are :—Chlorides, sulphides, carbonates, phosphates, nitrates, 
nitrites, and silicates. 


1854.— What bases are these salt radicals combined avith ? 


Sodium, potassium, lime, magnesium, alumina, and nitrates with 
iron, nitrites as Ph, yn, cu, as. 
1555.—How may we estimate the amount of carbonates ? 
By determining the alkalinity and measuring the degree of 


hardness. 
1556.— Wheat ia the relation of calcareous salts in water ? 


The calcareous and magnenan salts are the most frequent mineral 
matters met with, and of these the sulphates and carbonates are the 
chief to be dealt with. 

Chalk (or carbonate of lime) is only soluble to the extent of two 
or three grains to the gallon in chemically pure water; but it is 
readily dissolved by the carbonic acid present in all natural waters. 
Ordinary limestone and marble are varieties of carbonate of lime. 
Gypsum, alabaster, and selenite are varieties of the sulphate of 
the same metal. The sulphate is more soluble than the carbonate, 
but is less diffused in the soil, and so is not met with in similar 
quantities. The amount of lime salts in water varies from one-third 
of a grain to the gallon in lakes surrounded by siliceous mountains, 
to 15 or 20 grains per gallon in many well waters, specially those in 
chalky districts. 


1887.— What suggestion has been made us to the use of line salts 
an water ? 


It has been supposed that the lime salts of water contribute to 
the formation of ene of animals, but it is usually in such small 
relay as to have no material effect in this respect ; and, further, 

ature furnishes in ordinary food a much more convenient and suit- 
able method of bone formation, than this. Even in places where 
large amounts of salts of lime are met with, no conspicuous influence 
is seen in the consumers—either the people become accustomed to 
the water, or the quantity of lime in it has no particular effect. 
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1588.— What ia the relation of magnesian salts to water ? 


The magnesian salts are met with almost as commonly as the 
“calcareous. Well water usually contains about 23 or 3 grains to the 
gallon. It occurs as a carbonate with smaller quantities of the sul- 
phate. These quantities have no effect on health. Some of the 
aperient mineral waters contain large ee of sulphate of mag- 
nesia or Epsom salts. Excess of sulphate of lime and magnesia 
(10 to 20 grains to the gallon) may constitute an impurity. 


1559.— What is the test for lime in water ? What is the reswlt with 
varying quantities of lime ? 

‘The addition of a solution of oxalate of ammonia to water con- 
taining lime Bivee a white precipitate—6 grains of lime to the gallon 
gives a turbidity only ; with 16 grains there is a considerable preci- 
pitate. 

It is important from a domestic point of view from its hardness, 
and from its effects on the alimentary canal and in washing clothes. 
[Glasgow saves £30,000 per annum by soft water. Im the oxalate of 
ammonia test approximate estimate of the quantity of hme present 
is also possible. It may be present as carbonate (or temporary) or 
fixed (sulphates and avoniden). The carbonate is reduced by Clark’s 
test and by boiling. } 


1560.— How may we estimate the quality of lime contained in water ? 


By the soap test. Messrs. Boutron and BouprEr have proposed, 
after determination of total hardness, to precipitate the lime by 
ammonium oxalate, and then to determine the hardness again. 
The difference will be owing to lime removed. The difficulty here 
is toadd enough, and not too much, of ammonium oxalate, which 
itsclf in excess gives hardness. 


The best way to perform this process is to have a perfectly con- 
centrated clear solution of ammonium oxalate, and to add to 50 C.C, 
of water 1 drop for every 4 measures of soap solution used; then in 
other bottles, to add respectively, 1, 2 and 3 drops more. Then 
determine hardness of all the bottles, and select the result which 
gives the least hardness. In this way we can hit on the bottle which 
contains enough, but not too much ammonium oxalate. The water 
need not be filtered, but it should be allowed to stand at least for 
three or four hours or, better still, twenty-four hours, before the 
hardness is taken. 


1561.—Hovw 18 the determination of lime by weight carried out ? 


It may be desired to determine the lime by weight, and the fol- 
lowing processes can then be used :—Take a known quantity of water; 
add ammonium oxalate, and then enough ammonia to give an ammo- 
miacal smell. Allow precipitate thoroughly to subside, and then wash 
BY decantation, or by throwing the precipitate ona small filter of 

wedish paper, the weight of the ash of which is known. Decantation 
is recommended. Ifa filter is used, wash precipitate on filter; dry; 
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scrape precipitate from filter, and place in a platinum crucible; burn 
filter to an ash, by holding it in a strong gas flame, and place it also 
in the crucible. Heat the crucible to gentle redness for fifteen minutes, 
moisten with a little water, and test with turmeric paper. If no 
reaction is given, the process is done. If the paper is browned 
(showing presence of caustic lime), recarbonate with ammonium car- 
bonate, drive off excess of ammonia, dry, and weigh. 

The substance weighed is calcium carbonate, multiply by °56, 
and the result is lime. 

Mour’s plan might also be used, viz., precipitation of the lime in 
an ammoniacal solution by standard oxalic acid, and then titration of 
the excess of the latter by permanganate.* 


15623.— What is Mour’s test for lime ? 


Mabe aaa of the lime in an ammoniacal solution by standard 
oxalic acid, and then titration of the excess of the latter by perman- 
ganate. 


1563.— What is the method of estimating magnesia by weight ? 


Take the water from which the lime has been thrown down; 
evaporate toa small bulk; filter if there be turbidity, add solution 
of ammonia chloride and ammonia to slight excess, then add a solu- 
tion of sodium phospate ; stir with a glass rod; set aside for twelve 
hours; throw precipitate on a filter, carefully detaching it from the 
sides of the glass ; wash with ammoniacal water; dry; incinerate in 
an intense heat; weigh, taking care to deduct the ash of the filter 
known previous to experiment. The substance is magnesiun. pyro- 
phospate; multiply by 0°36 oz. to get the amount of magnesia, or by 
0°21622 for magnesium alone. 


1564.— What limit would you place on magnesium salia ? 


A water which contains above 5 grains per gallon of magnesium 
salts is not good fora public supply, and should be condemned for 
that purpose if there is a choice of better supply. 


1565.— What is the test for magnesia ? ( 


It ix usually in such small quantity that we cannot get a result 
from testing in ordinary water. To test for it we must concentrate 
the water by boiling down; this precipitates the lime salts, and then 
NH,Clis added and a little solution (NH,), CO, to make it alka- 
line, and then a little Na,PO,. It turns it white. This is put 
in test tube; after boiling add the above solutions and leave aside for 
24 hours, and now examine the sides of the tubes and we find crystals 
of triple phosphates. Water containing any excess of magnesia is 
not good. 

na good water there should only be a slight haziness or none 
at all, on the addition of ammonia. 

An excess of lime or magnesia is evidence of hardnens. 
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1566.— What salts of silica may be found in waiter ? 
Silicates of soda or alumina are occasionally found in water. 
1567.— What is the test for silicates in water ? 


Half a litre of sample water is evaporated to dryness ; the residue 
is acted upon by strong hydrochloric acid, and washed with boilin 
distilled water; then it is once more dried, ignited, treated with acid, 
and washed with boiling water. The final residue is silica, and may 
be weighed as such after drying. 


1468.— How may we determine the earthy and alkaline carbonates: 
by Mour’s process ? 


This is a very elegant process and may be useful. The solutions- 
required are: Standard solution of sulphuric acid, 1 C.C., of which 
saturates 5 mgs. of calcium carbonate, and a colouring solution, such 
as cochineal or phenolphthalein. 

Process.—'Take 100 C.C. of the water to examine, and add a drop 
or two of cochineal solution, which gives a carmine red colour. Then 
run in the stardard acid solution till the colour becomes yellow or 
brown-yellow. Read off the uumber of C.C. used and multiply by 5. 
The result is parts of earthy and alkaline carbonates per 100,000, stated 
as calcium carbonate. 


1569.—Give an example of the working of this test ¢ 


100 C.C. of a sample of water, reddened with cochineal re- 
quired 5°6 of standard solution to make it yellow :—then 5°6 x 5=28 
rts per 100,000 of earthy and alkaline carbonates. If the water 

e not alkaline to test paper, the result will represent calcium car- 
bonate only. Should the latter be already known (through the hard- 
ness), the difference, if any, will represent sodium carbonate, and 
may be calculated out as such, 1 C.C.=5°3 mgms. of sodium carbonate. 


1570.—How may we estimate the amount of phosphoric acid of the 
phosphates in water ? 


The incinerated total residue of the solids is to be treated with 
a few drops of nitric acid, and the silica rendered insoluble by eva- 
poration to dryness. The residue is then taken up with a few drops 
of dilute nitric acid, some water is added, and the solution is filtered 
through a filter previously washed with dilute nitric acid. The 
filtrate, which should measure 8 C.C., is mixed with 3 C.C. of molyb- 
date solution. 


1571.—What is the importance of phosphates in water ? 


Phosphates are not of common occurrence except in minute 
traces. ‘They are, for the most part, indicative of remote animal 
pollution, but need not condemn a water if the other indications are 
satisfactory. 

Phosphates may be present in water where there is sewage pollu- 
tion, but they seldom exist, except in the smallest traces; as phos- 
phates, being acid salts, are incompatible with calcium carbonate. 
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The presence of these in any, marked quantity will generally 
corroborate inferences as regards sewage contamination drawn from 
the other indications. [Phosphates cannot exist along with carbonate 
of lime in a clean water, they are incompatible in a drinking water, 
the mineral phosphates of lime being precipitated. | 


1872.— What mineral matters may be found in water ? 


An immense number of mineral and other inorganic substances 
are scattered through the crust of the earth, but some few are in 
eat preponderance, viz., compounds of silicon, aluminum, calcium, 
iron, carbon, chlorine. phosphorus, potassium, and sodium. Particles 
of clay and mar! are amorphous and are unaffected by acid. Parti- 
cles of sand are recognised by their angular shape and by their not 
being affected by acids. Particles of chalk are amorphous and are 
readily dissolved by acid. 


1573.— How may we examine the water residue ? 

The unignited residue is best employed for this purpose. A 
small quantity of distilled water is placed in the basin, and the re- 
action of the liquid to red litmus paper noticed, when an alkaline 
reaction will betray the presence of alkalies (potash or soda gener- 
ally as carbonate). A few drops of hydrochloric acid are then added 
when any effervescence indicates the presence of carbonates. The 
liquid may then be tried for sulphates, for lime, and for magnesia in 
the usual way. 

1574..— What is the influence of geological formation in rendering 
water sparkling, colourless, palatable, and wholeeome by 
percolation ? 

The following water-bearing strata are given asx the most 
- efficient :— 


1. Chalk. 4. Hastings sand. 
2. Oolite. 9» New red and conglomerate 
3. Green sand. sandstone. 


1875.— What proof have we of the extent to which water may dis- 
solve ont the mineral constituents of the soil 7 


The power of water to dissolve out mineral constituents from 
the soil and geological strata is well seen by scanning the composition 
of a few of the most popular mineral waters. 


1576.— What is the composition of Hunyadi Janos water ? 
16 ounces Troy of Hunyadi Janos (Hungary) contain :— 


Grains. Grains. 

Sulphate of magnesia . 122°8 Carbonate of lime . 7°16 
¥s of sodium . 12271 Oxide of iron and 

of potash. *65 alumina sszj. 03 


Chloride of sodium 9°98 Carbonic acid, free and 
Bicarbonate of sodium. 6°11 combined . ° 
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This is a bitter mineral aperient imported from Hungary (Buda- 
Pesth) used for constipation, and to aid aperient pills in their action. 


1877.— What is the composition of Carlsbad water ? 
16 ounces contain :— 


Grains. Grains. 
Sulphate of soda . 19°96 Carbonate of magnesia 
Carbonate of soda . 9°06 35 of iron . 03 


Chloride of sodium. 872 Phosphate of alumina . ‘21 
Sulphate of potash. 36 = Silica ‘ 5 SE 
Carbonate of lime . 2°02 } 

Drunk for obstinate constipation, affections of liver, gout, rheu- 

matism, and diabetes. 

1578.— What is the composition of Seltzer water ? 


Seltzer in Nassau furnishes the well-known Seltzer water. 
16 ounces contain :— 


Grains. 
Bicarbonate of soda . ; : “O77 
Chloride of sodium . : : 17°22 
‘3 of potassium. ‘ "28 
Sulphate of soda : ; ; "26 
Phosphate of soda. : : "26 
Bicarbonate of lime . ; . 2°66 
bs of magnesia ‘ : . 855 
, of iron 
i of manganese : Traces 
Bromide of sodium 
Silica "25 


1579.— What isthe composition of Friedrichshall water ” 


This is likewise a bitter water, used in diseases of the stomach, 
liver and urinary organs. 


16 ounces contain :— 


Grains. Grains. 

Suiphate of soda . 46°51 Sulphate of pee . 152 
ss of magnesia . 39°55 - of lime . 10°34 
Chloride of sodium . 61°10 Carbonate of lime ; ‘11 
8 of magnesium. 30°25 = of magnesia. 1:16 
Bromide of magnesium. ‘37 55 of sHica . ‘3d 


1580.— What is the nature and origin cf deposits in boilera ? 


When water containing a quantity of earthy salts is concentrated, 
not only is the carbonate of lime deposited in the way just described, 
but as the solution becomes more and more concentrated the other 
earthy constituents present are more or less completely thrown 
down. Thus we find that a large deposit occurs in steam boilers in 
which ordinary water is used, and much inconvenience frequently 
arises from this source, especially when the deposit assumes & COMe- 
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pact form, from the slowness of its deposition. Many schemes, both 
chemical and mechanical, have been proposed to obviate this incon- 
venience ; but the treatment must vary with the character of the 
water. If the incrustation cannot by any means be prevented, a plan 
frequently adopted is to introduce some light powdered substance 
into the boiler with the water. This acts mechsnically, by keeping 
up the free generation of steam; and the water being thus kept in 
constant and violent motion. Another method is the addition of 
chloride of ammonium to the water in the boiler. A conversion of 
the carbonates of lime and magnesia into soluble chlorides is the 
result, while the carbonic acid passes off with the ammonia as car- 
bonate in the steam. The great objection to this method is, that 
carbonate of ammonia acts on brass or copper fittings, and this has 
precluded the employment of the process, except under special con- 
ditions.* 


CHAPTER XVI. 


EXAMINATION OF WATER. 


PHYSICAL EXAMINATION. 


1581 .—Whuat is thé object of undertaking a complete examination 
of water ” 


To enable the analyst to form an accurate opmion as to the 
wholesomeness or otherwise ofa drinking water itcan only be arrived 
at after subjecting a sample of it to a complete examination. This 
consists in an investigation into the physical characters of the water, 
a chemical analysis (both qualitative and quantitative) and a micro- 
scopical examination. 


1582.—Give the details of circular from the Medical Department 
of the Local Government Board relative to the collection 
and tranemiesion of samples of water for examination ? 


1. Incollecting samples for chemical analysix, the following 
instructions are to be followed :— 

(a) Winchester quart bottles, stoppered, are to be used: the 
bottles must be thoroughly cleaned, and new bottles 
are to be preferred. 

(6) ‘Twa bottles of each sample are to be collected. 

(c) The bottles are to be rinsed out twice on the spot with the 
water which is to be collected. 

(d) The bottles are to be filled, if possible, by dipping be- 

‘ neath the surface, and to be filled within an ach of the 
stoppers; and the sto s are to be tied over with 
leather, bladder, on India-rubber, and the strings to be 
sealed against the bottle. 


a eer tt aa ea av te th RE ONTO RINT Ue se natn ee 


a *Huspaxp’s Medical Police. 
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2. In collecting samples for fermentation-cxperiments, the 
prepared vacuum tubes (which are five inches long and half an inch 
wide) must be used according to the following directions :— 


(a) If the water is in a cistern or other receptacle, plunge the 
fine end of the tube deeply in the water, and (with 
finger and thumb or with nippers) break off well below 
the surface the point of the tube so asto allow the in- 
flux of the water: not withdrawing the end of the tube. 
till the water has ceased to enter it. 

(6b) If the water is in a stream where collecting it as above 

would be difficult, collect it first ina clean cup, which 
has been rinsed with boiling water,and into which the 
stream should then be allowed to flow freely for some 
minutes ; and next fill the tube from this cup as from 
any ordinary receptacle. 

(c) If the water is in a well, the tube must be filled from the 
bucket, immediately after it is raised, and with care 
previously taken that the bucket (outside and inside) 
is quite clean. 

(d) In cases which allow the natural sediment of the water to 
be collected, it will be desirable to fill two tubes from 
each water; one, in such a way that it may contain 
water from near the surface; the other, in such a way 
that it may contain the natural sediment from near 
(but not quite at) the bottom. 

(e) In each case, immediately after the tube is filled, seal the 
end of it in a flame. 


3. In collecting samples, whether for chemical analysis or for 
fermentation-experiments, the time and place of collection of each 
sample are always to be noted by the collector; and each bottle or 
tube is to hear either a copy of this note, or else some distin- 
guishing name or number by which the sample can afterwards be 
identified. 


4, Samples for examination are, in all cases, to be forwarded 
to the office without delay, accompanied by the name of the sender. 


1583.—In acquiring samples of water for examination what pre- 
cautions are to be taken ? 


Collect the water in a scrupulously clean glass-stoppered 
bottle, of about half a gallon capacity. The water should be kept in 
a cool, dark locality, and the examination should be carried out as 
soon as possible. i collecting the water from a tank or well, the 
surface impurities should be avoided ane the bottle, and 
removing the stopper, under water. e middte of the stream, 
river or tank, should be chosen, avoiding the imtake of feeding 
channels. If from a public tap, or hydrant, the tap should be open- 
ed for afew seconds before filling the bottle. Make a note of the 
place, time and period of the year. ‘Remember to wash the bottle 
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out two or three times with some of the water to be examined, and 
do not quite fill it. 


1584.— What are the chief pointa regarding which the analyst ts 
concerned ? 


Date and hour of collecting water; its source—from a well, 
tank, stream or river. 

If from a well, the nature of the soil and geological strata in 
which the well 1s sunk, the depth of the well, and whether it is near 
or remote from well-privies, cesspits or drains. 

If from a tank, the part of it from which the water was re- 
moved, and the nature of the various contaminating agencies (if any) 
at work. 

If from a stream or river, the relation of the position from 
which the sample was taken to the banks. 

The analyst should also be made acquainted with any special 
reason there may be for making an analysis. 

A little practice in the physical and chemical examination of 
water would soon enable us to form a fair opinion of samples of 
water, or at least familiarise us with the chief characters by which 
waters may be distinguished as grossly contaminated. 


1585.—Jn despatching water to the Analytical Chemist is it im- 
portant to provide full information regarding Samples 
that care should be taken that no chances of contamina- 
tion exist ? 


Trained analysts exercise the utmost caution in expressing their 
opinions as to the quality of waters analysed by them, for they are 
conscious of the importance of their decision: It is but fair then, 
that in sending samples for analysis, such samples should be ac- 
companied by as much information about the water as it is in our 
power to give. In point of fact many analysts will not express 

udgment on a water until they are furnished with this information. 

t is often a waste of time and labour to send six or eight bottles{of 
water marked A, B, C, &c., without any further reference to the 
water sent. 


1586.—What evidence have we indicating the importance of tn- 
quiry into the past history of potable water ? 


1. The rapidity with which different kinds of organic matter 
oxidise is not uniform: and of all the varieties, that which is or- 
ganised and living offers by far the greatest resistance to oxidation. 
Now, the researches of Chauveau, Pasteur, Koch, Burdon-Sanderson, 
Kleim, and others leave no room for doubt that the specific eats 
of the so-called zymotic diseases consist of organised and living 
organic matter; and it is now certain that water is the medium 
through which some at least of these diseascs are propagated. It is 
evident, therefore, that an amount of exposure to oxidising in- 
fluences which may resolve the dead organic matter present in 
water into innocuous mineral compounds may, and probably will,. 
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fail to affect those constituents which are endowed with life. 
Hence, much organic nitrogen means great risk of the presence of 
these zymotic poisons. The investigations into the cause of the out- 
break of typhoid fever at Lausen, in Switzerland, and at Caterham 
and Redhill, afford a remarkable confirmation of the virulence of 
these poisons. 


2. The oxidising influences to which organic matter in water 
is subjected vary in activity at different times, and it by no means 
follows that because at the time of the analysis the offensive matter- 
has already been converted into innocuous mineral compounds, the 
change would therefore be equally complete under future altered 
conditions as regards temperature, exposure to air or vegetation, 
and comparative volume of pure water. So long as there isa 
chance of the purifying effect on the water decreasing, there is al- 
waysarisk of the harmless “inorganic nitrogen” becoming the 
“organic nitrogen” of some putrescent and perhaps contagious 
matter. 


1587.— How much water is required for a complete examination ? 


From } to 1 gallon. [For a complete qualitative and quantitative 
examination a gallon is needed. For an ordinary examination half 
a gallon, though a much smaller quantity may be made sufficient to 
carry out the more important examinations requisite]. 


1588.— What quantities of water are requisite for the examination 
under different forms of pollution ? 
The followmg are the quantities of water necessary for such 
analyses as are required for sanitary purposes :— 
Sewage. 
Polluted rivers and streams. One Winchester quart. 
Shallow well waters. 
Deep wells. 
Ordinary unpolluted rivers, Two Winchester quarts. 
streams and springs. 
Lakes and tarns 
Mountain springs and streams. 


1689.—IWhat is the best form of bottle for the collection of samples 
of water ? 


} Three Winchester quarts. 


Best bottle 1s the stoppered glass bottle known as the Win- 
chester quart. 


1590. — 7 ensure the perfect cleanliness of the collecting bottle how 
should it be treated ? 


First thoroughly rinse out in caustic alkaloid, then wash in 
het water, and then treat with strong sulphuric acid, and fill 
with water again. 
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1591.— What arrangemenis should be made in regard to collecting 


seunples of water by the Health Officer and Inspector of 
Nuisances ? 


The Medical Officer of health will find it very convenient to 
have a basket containing two or more clear glass-stoppered bottles 
laced under the charge of the Sanitary Inspector of the district. 
e basket should be provided with a padlock fitted with two keys, 
one of which should be in the possession of the Medical Officer of 
health and the other retained by the Inspector. Before forwarding 
the bottles, the Inspector should affix a label to each, containing the 
date and a distinctive number, or certain particulars with regard to 
the source of the water and why it is suspected. For ordinary ana- 
lysis pint stoppered bottles will be found to be large enough, 
because, should a greater quantity be required at any time, two 
bottles can be used raetoat of one. 


1592.—Can a complete analytical exe minution of water be carried 
out by an ordinary medical officer 7 


Not asarule. An exhaustive analysis of any given sample of 
water can only be conducted in the lanoratory and by a professed 
chemist, it would be out of place here to attempt to describe any 
other than casily applied methods for arriving at a reliable estimate 
of the qualities of a water and whether it may safely be used. 


1593.—Enumerate the apparatus required for the analysis of 
water & 


A balance to carry 100 grms. in each pan and to turn when 
loaded with half a milligrm.; a box of gramme weights, 1 platinum 
dish to contain 100 C.C. of water (about £2 7s.) acopper water bath 
with holes cut in it for the reception of the dishes, a set of glass and 

orcelain dishes ; a porcelain slab; graduated flasks, either 100 C.C., 

C.C., and 1 litre, or if preferred, 70 C.C. and 700 C.C. These 
flasks have a circular mark scratched on the neck, and contain the 
exact quantity when they are filled up to this mark. Two or three 
retorts, each capacious enough to hold a litre, the retorts should be 
tubulated and stoppered ; # copper air bath, with a Page’s regulator 
and thermometer; at least two burettes, with stand; a Liebeg’s 
condenser, with adapter and stand; Nesslerising cylinders ; retort 
holder with universal joint clips; triangular stands; asbestos 
mill-board ; wire gauze; triangles made of wire, covered with picces 
of tobacco pipe for the support of platinum or porcelain cakes 
during ignition ; one or two pairs of crucible tongs; filter paper ; 
corks; cork-borers ; distilled water; pure sulphuric acid; pure 
hydrochloric acid; pure potash; potassic permangenate; silver 
nitrate; potassic iodide; potassic chromate; sulphate of copper; 
zinc foil; ammonic chloride; calcic carbonate; mercuric chloride; 
pure sodic chloride ; sodic hyposulphite ; etc. 
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1594.— When can a reliable opinion as to the quality of a water be 
expressed 7 
An accurate opinion as to the wholesomeness or otherwise of a 
drinking water can only be arrived at after subjecting a sample of 
it to a complete examination. This consists in an investigation into 
the physical characters of the water, a chemical analysis (both 
qualitative and quantitative) and a microscopical examination. 
1595.—Write a scheme for a complete investigation into the 
quality of a sample of water. 
The scheme of such an examination may be represented as fol- 
lows :— 


1. Colour. 4, Lustre. 
A. Prrysica. ... 3 2. Clearness. 5. Taste. 
3. Sediment. 6. Smell. 
B. CHEMICAL. 
(a) Qualitative. 
Chlorine. | Ammonia. 
Lime. Iron. 
Magnesia. Lead. 


Sulphuric acid as sulphates. _| Copper. 
Phosphoric acid as phosphates. | Zinc. 


Nitric acid as nitrates. Sulphuretted hydrogen. 
Nitrous acid as nitrites. Alkaline sulphides. 
(b) Quantitative. 
Chlorine. 
Total. 
Hardness Temporary. 
Permanent. 
Total. 
Solids ds Volatile. 
Fixed 


Oxidisable Organic matter. 


Ammonia { Free or saline. 


Nitric acid. 
Nitrous acid. 
C. MICROSCOPICAL EXAMINATION. 
D. BroLoGICAL INVESTIGATION. 


Albuminoid. 


1596.—Does the foregoing scheme embrace a full examination of 
water ¢ 


By no means ; for after all these processes have been carried out 
there 1s a further requirement,—that of an endeavour to cultivate 
any microscopical i Serhan germs that may be present, and agcer- 
tain their nature. This is termed the morphological or biological 
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examination. When this also has been accomplished, we are placed 
in a position to give the most reliable and trustworthy opinion as to 
the quality of a es sample of water. Tocarry out these processes 
with accuracy demands that the analyst shall have had a sound 
chemical training, and that he be familiar with the use of micro- 
acopes of high power. Hence the uselessness of lay persons under- 
taking anything but a physical and simple chemical examination of 
water. On the other hand in the vast majority of cases, a sufficiently 
trustworthy opinion can be formed as to the quality of a water, 
after a physical and chemical examination of it has been made by 


"a competent person. 


1597 .— Does an examination of water, conducted according to the 
foregoing scheme justify us in expressing an opinion as 
to ite quality ? 


It does; if the description of the locality together with the re- 
sults of physical and chemical characters of water be given and all 
these prove satisfactory, we may declare a water to be useful; if 
otherwise, the water should be regarded as dangerous. 


1598.— What, according to FRANKLAND, constitutes a complete 
quantitative examination of water ? 
Such an exhaustive examination includes :— 
1. The extraction and separate volumetric measurement of the 


dissolved gases. 
The separate determination of the weight of each consti- 


tuent of the saline matters in solution. 

3. The determination of the two chief elements of the organic 
matters in solution. 

4. The separation of the suspended matters, if any, and the de- 
termination of their total weight when dry. 

5. The separation and determination of each mineral consti- 


tuent of the suspended matters. 
6. The separation and determination, as far as possible, of each 


organic constituent of the suspended matters. 


1599.— What points may be ascertained from a physical exame- 
nation of water ? 

Much may be learnt from a simple physical examination, and all 
but experts are obliged to rely on the results of such an exami- 
nation. From a physical examination of water we ascertain the 
colour, clearness, lustre, taste and smell (if any), and the existence or 
not of any visible suspended matter or sediment. 


1600.—How muy we conduct a preliminary examination of 
water ? 

By filling a flask of white glass with the water to be examined, and 

eomparing its colour with that of distilled water contained ina similar 
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% 
flask. Next warm some of the water in a test-tube; shake it, and 
observe if the water possesses any peculiarities. Note its physical 
characters, as to smell, taste, colour, sediment (after standing), sus- 
pended matter, etc. 


\ 


1601.— What is the first step in the physical examination of 
ater 2 


A portion of the sample collected should be poured, after 
shaking the bottle, into a good-sized clean glass flask. If the flask 
is then held m front of a dark-coloured surface, with a good light 
falling on the side or from above, any suspended impurities will 
‘become visible, but care should be taken to discriminate between 
them and air bubbles. 


1602.—/low do we investigate the nature of the sediment in water ? 


To find out the amount and nature of the sediment, the water is 
to be allowed to stand some time. The general characters of the 
sediment may now be investigated. It may be examined micro- 
scopically, und in this way its exact nature be discovered. It may 
also be subjected to the biological test. 


1603.— Give « rough method of estimating the suspended matters in 
water ? 


Pass a known quantity of water through filter paper previously 
washed in distilled water. The increase in the weight of the 
filter paper gives the quantity of total suspended matter in the 
known volume of the water. Burn the paper, and weigh the ash; 
then burn an unused filter paper previously ascertained to be 
precisely similar to that used and also weigh its ash; the quantity 
of ash in excess of that contained in the unused filter gives the 
amount of suspended organic matter in the water. 


1604.-— Tow do we proceed to examine the sediment of water, when 
it 18 present in very small amounts 7 


When a water 1s muchdiscoloured from impurities. there 1s no 
difficulty in obtanmng enough of the sedimentary matter for micro- 
scopical examination. But sometimes the sediment is so small in 
amount that several slides may have to be examined before anything 
is met with. When this is the case, a long narrow cylindrical glass, 
thoroughly cleaned, should be filled with the water to be cxamined, 
allowed to stand for 24 hours, and then the water to within +” from 
the bottom should be siphoned off, and preparations made from it in 
the ordinary way. 

1605.—J/vvw may we observe the odour of the water ? 


A portion of it should be poured into a wide-mouthed flask, 
making it about one-third full and then shaking it well. If the 
smell is unpleasant, the water is unfit to drink. Should no smell be 
detected, the flask should be heated, and the water again shaken, 
and if there is still no smell a little caustic polish should be added to 
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the warm water. Any unpleasant odour which may now be given off 
indicates with certainty that the water contains organic impurities. 

A smell is usually due to putrefaction, in which the evolution 
of sulphuretted hydrogen and ammonia compounds is taking place. 
Any smell in water is best brought out by heatihg it to about 
100° Fahr., and adding a little caustic soda to the water. 


1606.— What effect has thewarming of wuter asa to its odour, if any, 
be present ? 
It renders any peculiarity as to smell more perceptible. 


1607.— What may be stated with regard to the lustre of water ? 


With regard to lustre, the technical terms in use are,adamantine 
and vitreous or dull, words which sufficiently express their meaning. 
The lustre of a drinking water depends on the gases, oxygen and 
carbonic acid dissolved in it. Good water has an adamantine 
lustre; in other cases it 18 dull or vitreous. 


1608 .— How ts the turbidity of water ascertained 7 

Turbidity 18 ascertained by holding a flask of water (say, of a 
litre or quart size) between the eye and a source of light, having at 
the same time some dark object, such as a window bar, in the field 
of vision. It will depend onthe purpose of an analysis whether the 
solid matter causing the turbidity 1s to be filtered off before the com- 
mencement of the analysis, or is to be shaken up and treated as part 
of the water. There should be no turbidity in a water, or, if any, 
this should be due to vegetable or mineral matters and aaaly 
removable. 

In waters turbid from exceptional causes, and rendered so by 
rust, chalk, or other innocuous mineral matter which would naturally 
settle down, or be separated if a filter were used, the suspended 
matter may be filtered off and disregarded. In the case of sewage, 
liquid refuse from factories, or polluted water containing solid organic 
particles, the liquid should be passed through a proper filter paper or 
of double Swedish a and the residue (dried at 100° C.) weighed. 
The increase in weight gives the “total suspended matter ;” and 
the weight of residue, after ignition, treatment with solution of 
ammonic carbonate, and drying at 160° C. (less weight of filter ash), 
gives the “mineral suspended matter.” The “organic suspended 
matter ’ is represented by the difference between the two weights. 


1609.— What are the cuuses of turbidity in water ? 


Mineral] matters of various hues in the soil, through or over 
which water percolates or flows, are the more usual cause of dis- 
coloration and turbidity. Peroxide of iron, in particular, may be 
meutioned as the source of the brown cloudy appearance of water 
from the blue clay, as also frequently of the brown colour of pools 
in bog-lands, though this more usually arises from organic matter 
passing into decay. In the coarser sediment under such circum- 
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stances, the microscopic forms of animal and vegetable life are 
likely to be abundant, ie Rotifera, Infusoria, Rhizopods, Oscilla- 
toria, Desmids and Diatoms). In ferruginous bog-water also the 
twin spiral filaments of Didymohelia, invested with a yellowish-brown 
gelatinous matter, and Liptothrix ochrea, a rather ill-defined myeloid 
structure, may add to the general effect. By reflected light, more- 
over, the fine amber tint ot the Diatomacex, floating or resting, is 
quite brown, some of the heterogeneous materials usually occurring 
in bog-water. 


1610.— How may we examine water as to clearness ? 


This is best done by filling a good sized flask, 1,200—~ 
1,500 C.C. capacity, with the water ‘he flask is now to be 
held in front of a dark-coloured or black wall, a strong light 
falling on the flask from one side or from above. Care must be 
taken not to confound minute bubbles of air with suspended 
matter. Any water that ix not clear and transparent, cannot be 
reckoned as one of the first order. Dissolved or ftinely-suspended 
particles of colouring matter will reduce the natural clearness of 
pure water. as will also finely-divided and suspended mineral 
matters. Most of such suspended inatters subside on allowing the 
water to stand, but fine particles of calcareous salts, and of mica, etc., 
may not subside. 


1611 .—Jn investigating the colour of water how do we proceed and 
what conclusions may we arrive at ? 


For this we use narrow cylindrical, clear glass vessels, about 
2 feet in height. We fill one with the water under examination, and 
the other with distilled water for comparison. We place these in a 
good light, on a white slab, or on some white printed paper, and see 
if we can read the print below. 

As a rule, water should have no colour, except a bluish tint when 
viewed through a depth of two or more feet. Waters are often 
slightly greenish, due to cellular alga, and such waters are not 
considered impure on this account. Waters of a yellowish or a 
brownish colour are to be looked upon with suspicion. A yellowish 
hue is often due to peat, in which case the water, although unplea- 
sant, is innocuous and may be used. A brownish or yellowish hue 
may be due to iron; it then has a chalybeate taste; even one-fifth of 
@ grain to the gallon gives this taste. A similar colour may be due 
£0 sewage contamination. 

The colour and degree of turbidity are important indications. 
Perfectly pure water has a bluish tint, and permits of the bottom of 
the vessel being distinctly seen even at a depth of several feet. 
Turbidity, usually described as very slight, slight, turbid, and very 
turbid (VST., STT., and VT.), obscures it, ad ablue-green, green, 

ellow-green, yellow, yellow-brown, or brown hue, similarly described 
initial letters, indicates less or more organic pollution. Some 
chemists mark the depth of each tint by adding the numerals 0, 1, 
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2, and 3, and Messrs. CRooKEs, ODLING, and Tipy employ two wedge- 
shaped hollow glass vessels filled, one with a brown and the other 
with a blue solution, and made to slide across one another in front 
of a circular aperture in a sheet of metal, by which means any 
desired combination of brown or blue can be obtained. Each prism 
is graduated along its length from 1 to 50, these figures indicating 
the thickness of the solution at that particular point in millimeters. 


1612.— Does the sense of taste help us in testing the quality of 
water ? 


The taste of a drinking water depends, as a rule, on the gases 
dissolved in it, and not on the mineral saltsit contains. The taste 
should be agreeable and as a rule not distinctive of any special sub- 
stance. It may be said that any water in which the eel matters in 
solution are recognised by the palate is unfit to drink. An ordinary 
drinking water contains from 20 to 25 grams of common salt to the 
gallon. It requires about three times this quantity to be recognisa- 
ble by the sense of taste. 

Taste is an uncertain indication. Any badly tasting water 
should be rejected or purified before use. Suspended animal organic 
matters often give a peculiar taste, so also vegetable matters in 
stagnant waters. Some growing plants, as lemnia and pistia, give a 
bitter taste; but most growing plants have no taste. Dissolved 
animal matter is frequently quite tasteless. As regards dissolved 
mineral matters, taste 1s of httle use. and differs much in different 
persons. On an average— 


Sodium chloride is tasted when 1t reaches 75 grains per gallon. 
Potassium ,, i ey a ‘ig ‘ 
Magnesium ., _ es UWtods — ,, * 
Calcium sulphate ' » wto3o,, i 

os carbonate - bs l)tol2 ,, - 

os nitrate _ $5 15 to 20 ,, - 
Sodium carbonate ” ee 60 to 6) ,, : 
Iron a ‘3 OZ - " 


Iron is thus the only substance which can be tasted m very 
small quantities. A permanently hard water has sometimes a 
peculiar fade. or san tated saline taste, if the total salts amount to 35 
or 40 grains per gallon, and the calcium sulphate amounts to 6 or 8 
= Hee The taste of good drinking water is duc entirely to the 

issolved gases; water nearly free from carbonic acl hardness, 
such as distilled water, is not so pleasant as the brisk well-carbonated 
waters; it may be called flat, but it is difficult to define the kind of 
taste or absence of it.* 

With regard to taste, it is sufficient to say that a badly-tasting 
water should be condemned for drinking purposes. eiee | waters, 
however, which are largely impregnated with dissolved animal 
impurities may be quite palatable. 


ae at enchant ter 








aac memmeerre e 








* PaRKEs’ Practical Hygiene, 7th Ed. 
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1613.— What may be said as regards the keeping power of a good 
water ? 


A good drinking water when kept in a bottle loosely plugged 
with sterilised cotton wool, should not become putrid, nor deposit 
anything beyond a trifling amouns of chalky matter. 


1614.—Can « reliable opinion be expressed from a physical and 
chemical examination of water ? 


In the majority of cases, a sufficiently trustworthy opinion can 
be formed as to the quality of a water, after a chemical and physical 
examination of it has been made. Further, much may be learnt 
from a simple physical examination, and all but experts are obliged 
to rely on the results of such an examination. 


1615.— What muy be stated of a water which gives negative results 
in its physical eramination ? 


We may ordinarily regard such a water as of good quality. 
If we are at all doubtful as to its characters, we should have it 
subjected to both a qualitative and quantitative chemical examina- 
tion. We would repeat however that the senses are unreliable judges 
in estimating the wholesomeness of a water. 

Although the physical characters give only an imperfect idea of 
the value of a water, they are yet important when no further exami- 
nation can be made. If a water be colourless, clear, free from 
suspended matter, of a brilliant (or adamantine) lustre, devoid of 
smell or taste, except such as is recognised to be the characteristic . 
of good potable water, we shall in the large majority of cases be 
justified in pronouncing it a good and wholesome water; whilst, 
according as it deviates from these characters, we shall be propor- 
tionately justified in regarding it with suspicion. Suspended matter 
is probably the most dangerous, but it may well be that minute 
particles, the “resting spores’’ of disease-causing organisms, may 
exist without revealing themselves by any visible turbidity (or even 
to a cursory microscopic examination). 

Altogether, the physical examination of water is of a negative 
character, und although it may impart some useful information, it 
cannot be relied upon in arriving at a sound conclusion as regards 
the good or bad qualitics of any given sample. 


1616.— How may we classify waters ? 


Into:—1. Pure,a water of first quality, usable without any 
further preparation. 

2. Usable, or becoming so by filtration, is not a first clear water 
as it fails in certain points. 

3. Suspicious, in which although the water may not be dangerous 
it should be used cautiously, and before using should be thoroughly 
examined chemically and microscopically. 

4. Impure, which should be absolutely condemned. 
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‘ 1618.—Give a aback of the various constituents of drinking 
water | ° 


A.—Gaseous. B.—Dissolved solids. C.—Suspended matter. 


A,—Gaseous constituents :— 
Useful gases. 


CO, 
O of air. 
N 
2. Noxious gases. 

H,S 
me i 2/2 ¢ products of decomposition. 


B.—Dissolved Solids :— 
Mineral : 1.—Salts of Calcium Magnesium. 
2. Orgunic: HNO, 
products of organic 
oxidation. 


HNO, 
NH, Salts 
C.—Suspended matter :— 
Organic: 1. Capable of putrescence or putrefaction. 
2. Incapable of putrescence or putrefaction as 
urea, fatty acids, etc. 


1619.— Whence are the present natural waters obtained ¢ 


The purest water which can be collected from drainage, is 
found in the barren moorland districts of the primary geological 
formations or of the sandstone rocks. 


1620.— How may we classify the origin of the impurities of the 
water 7 


The origin of the impurities im water may be conveniently 
referred to four heads, viz. :—(1) substances derived from the source ; 
(2) substance, added during the flow of the water in rivers, canals, 
aqueducts, or other conduits; (3) impurities caused by storage in 
reservoirs or tanks; and (4) substances added during distribution 
from reservoirs either in pipes or water barrels, or in house 
cisterns.* 





CHAPTER XVII. 
EXAMINATION OF WaTER—continued. 


QUALITATIVE CHEMICAL EXAMINATION OF WarTER. 
1621.— What is the reaction of water ? 


Nearly all waters are alkaline, and strike therefore a yellow 
colour with methyl orange, a dark red with cochineal. If acid, the 
colour with methyl orange is reddish orange, with cochineal of a 
yellow tint. 
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1622.— How is the reaction of water determined ? 

This is determined by litmus and turmeric papers—water of 
acid reaction giving a red colour to blue litmus paper, alkaline water 
turning turmeric paper brown. 

Water is usually either faintly alkaline or neutral in reaction. 
If there be acidity which disappers on boiling, it is due to carbonic 
acid gas. Onthe other hand, if the alkalinity disappears on boiling, 
it is due toammonia. Permanent alkalinity is due to carbonate of 
soda. [Rain water and peaty waters are generally slightly acid in re- 
action. If it be desired to determine the extent of acidity of a water, 
this may be done by placing half a litre in a flask provided with a 
reflux condenser, and boiling the water vigorously for fifteen minutes 
or so, to expel carbon deoxide. The acidity is then determmed 
by running m decinormal soda solution from a burette, using phenol- 
phthalein as an indicator. Some analysts prefer to use methyl- 
orange to determine the point of neutrahty. By operating on two 
separate half litres, using the two indicators respectively, a distinc- 
tion may be made between mineral and organic acids. | 


1623.— What is the test for chlorine in water ? 


The presence of chlorine is determmed by acidifying water with 
a little dilute nitric acid, and adding a few drops of nitrate of silver 
solution. One grain to the gallon gives a haze; four grains give a 
distinct turbidity. ten grains a slight. and twenty grains a consider- 
able precipitate. 
1624.— Viet ts the test for nitrous dcid as nitrates in water ? 


A solution of pure iodide of potassium, followed by some freshly 
prepared starch solution is added to the water, and this again follow- 
ed by some sulphuric acid. A blue colour 1s developed. The colour 
should be immediate. Make a comparative experiment with distilled 
water. 


1625.— What is the ordinary qualitative test for nitric acid as 
nilrates in water ? 


Mix a little of the water with twice its bulk of pure sulphuric 
acid. This sets free the nitric acid from its combinations; then add 
a few drops of the solution of brucine—a pink and yellow zone occurs 
at the junction of the water and acid. The sulphuric acid should 
be poured down the test tube gently, so as to form a layer beneath 
the mixed water and brucine solution. Half a grain of nitric acid to 
a gallon gives a marked pink and yellow zone. Thisis a very deli- 
cate test. Another method is to evaporate down two cubic centime- 
tres of water to dryness, add a drop of pure sulphuric acid anda 
minute crystal of brucine. The same reaction takes place, and by 
it ‘01 of a grain to the gallon can be easily detected. In the above 
test, if a solution of pyrogallic acid be employed instead of that of 
brucine, a pink zone, turning purple, will be observed. 


1626.— What is the relation of nitrates to water ? 
Almost all waters contain a certain amount of either nitrate of 
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sodium (cubic nitre), or nitrate of potassium (saltpetre), or nitrate of 
lime (calcareous nitre). Nuitre is an oxidised product of decomposed 
dead animal and vegetable matter. In the quantities in which it is 
usually found, it is not only not harmful, but probably beneficial to 
man and animals using the water, and it forms part of the food of 
all plants, the juices of which invariably contain some of it. 


1627.— What is the test for H2S in water ? 
A solution of a salt of lead added to the water gives a black 
gn elec When the water is heated, the smell of sulphuretted 
ydrogen may be perceived. 
1628.— What is the best test fur the presence of sulphides in water ? 
Nitro-prusside of sodium gives a black precipitate with lead, 
but the absence of colour with nitro-prusside shows that the sul- 
phuretted hydrogen is uncombined. 


1629.— What is the test for the presence of sulphuric acid as sul- 
phates in aater ” 

The test for sulphuric acid in water is carried out by adding 
some dilute hydrochloric acid and chloride of barium: 1} grains of 
a sulphate give no precipitate until after standing, 3 grains give an 
immediate ae and after a time a slight precipitate. Dilute nitric 
acid and nitrate of barium may be used as reagents for the same 
purpose. 

1630.— How may weestimatetheamount of sulphuric acid by weight ? 

Take a known quantity of the water (500 to 1000 C.C.), acidify 
with hydrochloric acid and evaporate, but not so far as to run any 
risk of throwing down sulphate of calcium, filter; and then add chlo- 
ride of barium; allow to stand, and wash the precipitate by decanta- 
tion ; dry ; weigh; multiply precipitate by 34305 to get the amount of 
sul ae anhydride (SO3 ) or by ‘411, if it 1s wished to calculate it 
as 4 


1631 .— How muy we estinate the sulphuric acid by the soap test ? 

This plan was proposed by Boutron and Bovpet, and is briefly 
as follows :—The hardness of the water being known, 50 C.C. of 
the standard barytic solution (26 grammes per litre) are added to 
50 C.C. of water, and the mixture 1s allowed to stand for twenty-four 
hours. The hardness (supposing no SO, were present) would be 
exactly equal to the origmal hardness of the water and of the 
barytic solution combined. But SO; being present, barium sulphate 
is pe and there 1s a loss of hardness. Each degree of loss 
equals ‘24 myin. of sulphur tetroxide (SO). 


1632.— What is the significance of sulphates in water ? 


If unassociated with any special geological features which would 
account for the presence of an unusually large amount of sulphates, 
their existence in excessive quantity, taken in conjunction with 
chlorides, organic matter, ammonia, etc., is corroborative evidence 
of sewage contamination. 
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1683.— What is the best test for phosphates ? 


The molybdute of ammonia test. We take a little dilute HNO 
and a little solution of molybdate of ammonia, the solution is heate 
and it gives a marked yellow colour, the formation of “ phosph- 
molybdic acid,” which is yellow. The difficulty is to get the reagents 
quite pure for they give reaction to phosphates; therefore test the 
reagents first and compare the solution test in depth of colour. The 
water to be tested may require to be boiled down to ,, or even 
gy of its volume, 250 C.C. being boiled down to 5 C.C. before the 
presence of phosphates can be elicited with the reagent. 

The test solution for the molybdic test may also be made by taking 
some pure molybdic acid and dissolving it in solution of ammonia 
(960 sp. gr.). Filter, and then pour the solution into nitric acid 
(1:20 sp. gr.). Keep the solution in the dark, and decant, if neces- 
sary, from any precipitate. 


1634.— What is the indication from the presence of phosphates ? 

Phosphates may be present in water where there is sewage 
pollution, but they seldom exist, except in the smallest traces, as 
phosphates, being acid salts, are incompatible with calcium carbon- 
ate. Where sewage pollution is suspected they should be always 
tested, for phosphites usually point to remote animal pollution, and 
so their mere presnce without other reasons does not justify the con- 
denmation of the water. 


1635.— Whit is the test for lime in water ? 

The addition of a solution of oxalate of ammonia to water contain- 
ing lime gives a white precipitate ; 6 grains of lime to the gallon gives 
a turbidity only ; with 16 grains there is a considerable precipitate. 

2636.— What is the test for iron in water ? 

Red and yellow prussiates of potash give a blue precipitate. 

The red prussiate is used for ferrous, and the yellow for ferric salts. 


1637.— Briefly state how we may test for lead, tron or conper in water? 
Acidify the water with hydrochloric acid and add sulphuretted 
he a solution. Any brown colour developed, shows the presence 
of lead or copper. Add ammonia sulphide solution. This produces 
a dark colour, not cleared up by hydrochloric acid. Place some 
water (100 C.C.) in a white dish, and stir up with a rod dipped in 
ammonia sulphide, wait till the blue colour is produced, then add a 
drop or two of hydrocholoric acid. If the eolout disappears, it is 
-due to iron ; if not, to lead or copper. 

Sulphuretted hydrogen gives a white precipitate if zinc is pre- 
sent. is testis not available if there be iron present, or should 
the water be alkaline. It only holds good for prefectly neutral waters 
containing zinc. 

1638 .— How te the presence of ammonia determined in water ? 

For the determination of ammonia, we add a few drops of Ness- 
ler’s solution to the water. A yellow colour or yellowish-brown 
precipitate occurs, in aceordane with the amount of ammonia pre- 
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sent. By experience we learn the amount of ammonia present from 
the degree of colouration produced in this reaction, although for 
exact analysis the quantitative method must be employed. If the 
ammonia is small in quantity, several inches in depth of water should 
be looked through on a mite ground. 


1639.— Gwe a rough test for the presence of organic matter. 


A few drops of permanganate of potash (Condy’s fluid) mixed 
with water containing organic matter, imparts to jt a dull, cloudy 
appearance, after an interval varying from a few minutes toa few 
hours, according to the foulness of the water. 


1640.— What are the ordinary tests for the presence of oxidisable 
matter including organic matter in water ? 

About 250 cubic centimetres of the water is evaporated to dry- 
ness in a porcelain or platinum vessel. By further heat, the residue 
assumes a brown or black colour if much organic matter 1s present, 
and if nitrogen 1s present in the water, the smell of ammonia is de- 
tected. A solution of potassio-gold chloride produces a colour pass- 
ing from rose pink to violet, to olive, and ultimately a black preci- 
pitate takes place The water, which should be neutral or feebly 
acid, must be boiled for 20 minutes with the gold chloride. If no 
nitrous acid be present, the reaction may be considered due to 
organic matter. Add toafew ounces of the water, sufficient dilute 
solution of permanganate of potassium to produce the faintest tinge. 
In the presence of organic matter, the solution will gradually be- 
come decolorised. the rapidity with which it does so depending upon 
the amount and characters of the organic matter prescnt. In the ab- 
sence of nitrites, the reaction indicates organic matter, if the action 
be rapid, it ix probably animal; if slow, it is probably vegetable. 

The presence of micro-organisms im the water may be detected 
microscopically after allowing the water to stand in along narrow 
jar for six hours, and using the lowest 4 inch of water for the pur- 
pose. 


1641 — What is meant by degrees of hardness ” 


By degrees of hardness we signify that a definite quantity of 
water decomposes a certain number of cubic centimetres of a stand- 
ardised soap solution. Thns 10 degrees of hardness means that 
10 C.C. of the standard soap solution have been used; that is, each 
C.C. of solution = 1] degree of hardness (FRANKLAND'S scale.) Each 
degree of hardness causes the destruction of 2} oz. of soap in 100 
gallons of water used for washing clothes. 


1642 — How may we roughly estimate the relative degrceofhardness ? 


A rough means of judging the relative degree of hardness of 
any sample of water, consists in placing a small quantity in a test- 
tube, and adding to it a few drops of a standard solution of soap in 
alcohol, when a white turbidity will make its appearance, the in- 
tensity of the turbidity depending upon the degree of hardness. 
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1644.—Can we, as the result of chemical analysis, determine that 
a given sumple of water is wholesome ? 


We cannot, although we may state (when such is the case) 
that specimen is unwholesome. Chemical analysis gives complete 
information as to the chemical impurities of water. As far as 
organic matter is concerned it is not quite satisfactory, for it does 
not distinguish dangerous from comparatively harmless bodies. 
Nevertheless, if water is polluted by lethal impurities it contains 
associated impurities which show it chemically as dangerous. 'There- 
fore we reckon that chemical analysis is not infallible, but it is un- 
doubtedly the best means we at present possess of estimating the 
wholesomeness or otherwise of a water. The qualities of organic 
matter cannot be definitely settled by a chemical analysis alone. 
Local and chemical examinations of water must, therefore, always 
£° together ; either alone may often be enough to condemn a water, 

ut both are always required to prove sufficient grounds for a 
positive opinion of purity and safety of a water. 


We cannot entirely pass over the question of the importance, 
from a sanitary point of view, attaching to a*few of the chief im- 
purities, though we must insist on the fact that the chemical com- 
position alone is no real evidence of its wholesomeness, since 
analysis can only show the quantity and not the nature or condi- 
tion of the organic matter. For instance, an amount of seme 
specific pollution, as of enteric or cholera evacuation, or some 
particular fungoid organisms, may be too small for recognition by 
the chemist, or, at any rate, may not appreciably increase the total 
organic impurity, and yet be not merely injurious but actually 

oisonous. The total solids convey no further information than 
the fact of the hardness of a water, which may be of a perfectly 
innocent character as in the chalk waters, or such as to unfit it for 
drinking, as in the case of many liassic and gypsum waters. 


When the analysis is for the purpose of stating whether 
‘a special kind of water is fit for the general supply of a town, then 
a great many considerations come into operation. The exact 
mineral character of each supply should be registered. 


If a water be dirty, a knowledge of its history and, of course, 
of its mineral constituents may be of assistance informing a judg- 
mentas to the degree of risk attendant in its employment for 
domestic use. 


1645.—Can we rely upon the results of a chemical examination of 
water as to tie usability ? 


Not absolutely, for it may fail to detect small quantities of the 
specific germs of disease such as micro-organisms. It is quite 
ssible that a water may contain the maieries morbi of enteric 
ever, cholera, or malarial diseases, and yet not be detected by 
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chemical analysis; or even pass as a first class water under the same 
circumstances. 


1646.— What are the chief uses of chemical unalysis of water ? 


_ i. Asimple analysis shows us the nature and quantity and 
impurities of water of a given specimen of water; 


2: Repeated analyses are required to indicate chan ge in water 
from the same source or different sources, or other conditions ; and 

3. They show the best form of testing the condition and efficacy 
of filters. 


1647.— What varieties of impurities may be found in water 7 
Mineral, vegetable, and animal. 


1648.— Which of these is the most dangerous ? 


The animal impurities have till recently been considered the 
most dangerous, but if we accept the germ théors of disease, we are 
forced to recognise pathogenic fungi as the most dangerous impuri- 
ties, and these are of a vegetable nature 


1649.— What is Prof. FRANKLAND’s standard of maximum im- 
purity allowable ina drinking water ? 


(a) Suspended matter. More than 1 part dry organic matter 
or more than 3 Late dry mineral matter in 100,000. Perfect rest in 
subsidence ponds for at least six hours is also required. 

(b) Dissolved matter. More than © parts of organic carbon 
or 0°3 of organic nitrogen in 100,000. 

(c) Colour. Any distinct colour in depth of 1 inch when 
examined by daylight in a white vessel. 

(d) Metals. More than 2 partsof any metal (except calcium, 
magnesium, potassium or sodium) dissolved in 100,000 parts. 

(e) Arsenic. More than 0°05 of arsenic in any form per 
100,000 

(f) Chlorine. More that 1 part of free chlorine (after addi- 
tion of sulphuric acid) per 100,000. 

(g) Sulphides. More than 1 part of sulphur as sulphides per 

(h) Acidity. More than that caused by 2 parts of hydro- 
chloric acid per 100,000. 

(1) Alkalinity. More than that caused by 1 part of caustic 
soda per 100,000. 

(j) Oily matter. More than 0°05 parts of petroleum or hydro- 
carbon oil suspended in 100,000 parts, or any film of oil upon the 
surface. 
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1650.—Give a tabular view of inferences to be drawn from a 


qualitative examumation. 
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1651.— What are the principal dificulties in the way of the sutis- 

factory chemical examination of surface waters ?- 7s 


The difficulties are three in number: Inthe first, place, the 
volume of water is generally so large that, even when polluting 
matter is known to be present, the dilution isso great as to prevent 
the detection of unmistaken evidence of contamination. In the 
second place, all surface waters contain more or less of organic 
substances—substances containing carbon and nitrogen—which it 
is impossible to refer definitely to animal or vegetable sources, or 
otherwise to distinguish as harmless and harmful. In the third 
place, the water of such streams and ponds is subject to very con- 
siderable variation, so that the examination of a single sample is of 
comparatively little value. It may be possible, it is true, to state 
from the chemical examination of a single sample that no consider- 
able or no appreciable contamination exists ; it is impossible to 
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recommend a water for drinking without knowing somthing of the 
situation and surroundings of the source from which it is taken. 


1652.— What bodies should be absent from a good drinking water ? 


Nitrites, nitrates, ammonia and its salts, metallic salts, excess 
of ae matter, alkalies, sulphides,andH,S (sulphuretted hydro- 
gen). 

1653.—Is it desirable that the water drunk should be chemically 
pure ? 


No; acertain amount of mineral salts and free aération are 
requisite in order that water may be palatable. 


1654.— What is the general state of qualitative solutions ? 


Qualitative solutions, and, generally, solutions that are not 
titrated or graduated, are saturated, unless otherwise specified. 


1655.—IJf a sample of alleged contaminated water were brought to 
you, what ready means would you adopt in order to ascer- 
tain the presence of inorganic impurities 7 


Inorganic impurities are minerals, such as lead, copper, zine, 
etc., and the simplest method would be to pour out a portion into 
a white porcelain saucer, and treat it by chemical precipitation. The 
presence of lead, copper, or iron, is ascertained by adding a drop 
of ammonium sulphide, a dark discoloration showing that one or 
more of these are present. If it isiron, the addition of a few drops 
of. HC] will cause the dark colour to disappear, if lead or copper, 
the colour remains and the water is unfit for use. For zine, 
sulphuretted hydrogen gives white precipitate if iron is not 

resent. For lume, oxalate of ammonia gives a white precipitate. 

or chloride of sodium, nitrate of silver and dilute nitric acid 
give a white precipitate becoming of a lead colour. For the various 
other inorganic impurities of water, other tests both quantita- 
tive and qualitative are available. Some of the tests involve a 
knowledge of chemistry and supply of chemical majrval to be 
found only,in the laboratories of those conductine sg), g,-nalytical 
processes systematicaliy. y ¥ 


meee coe for rapidly carrying out rine (after““v*"# of 

This is best done by shaking up some of the ‘. 1 in 4 Mask 
with a short and wide neck, about one-third full, aibSiten n Ring 
the air in the upper part of the flask. Should it sme disagy) ple 
in any high degree, the water may be said to be pnfit to tirdk. 
Now warm the water slightly and smell again; warming will oi..n 
bring out the sme]! of a water when none could be,detected in the 
cold. Now add alittle caustic potash to the we fn water; should 
this cause any unpleasant smell, we may be p*,y sure that the 
water contains organic matter in some quan Wy. Notice if a 
precipitate occurs on the addition of the potash, if so, whether 
much or little, whether coloured or white. The- occurrence of a 
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precipitate indicates hardness, the colour may eithcr be caused by 
organic colouring matter in the water or by iron. 

Add Nessler’s test to about 100 C.C. of this water, either in a 
cylinder or small flask. Should this produce a yellow or brown 
colour or a brown precipitate, the water contains ammoniacal salts 
or rather organic matter. This is a most suspicious circumstance, 
and is almost enough in itself to condemn the water for drinking 
purposes. 

Add iodide of potassium, acetic acid, and starch paste to 100 C.C. 
of the water. A blue colour indicates nitrites, which also is a 
most suspicious circumstance, and should the colour be at all deep, 
the water can hardly be fitto drink. It is tobe noted that inasmuch 
as iodide of potassium often contains iodate, the acetic acid, starch 
and iodide should be mixed before adding them to the water, so as to 
make sure that the colour is really produced by the water, and not 
by any iodate that the reagent may contain. 


Boil about 100 C.C. of this water in a flask, with a few drops 
of sulphuric acid, remove from the source of heat and add 
sulphuretted hydrogen water. Should a brown or black coloration 
be produced, the presence of lead or copper may be inferred, and 
the water condemned (bismuth, mercury and silver would, of 
course, give the same reaction, but are hardly likely to be present). 
Should no colour be detected, add a little ammonia or potash. 
Should this produce a blackish precipitate, ironis almost sure to 
be present. 


Boil a little of the water for a few moments with red litmus. 
Should the htmus not turn blue repeat the operation with blue 
litmus. We learn from this whether the water has an alkaline 
or an acid reaction. This observation is seldom of importance, 
except when the water comes from manufacturing districts, it is 
then often of the greatest value. j 


The preliminary examination described above takes up a very 
short time, and gives us much information. It does not require 
more than 50 C.C. of water, and may be conducted with less. 


The water used in the examimation for clearness, colour, etc., is 


not reckoned, because 1t can be employed afterwards in other parts 
of the analysis. 


We may here remark, that if w water contains suspended mat- 
ter, it should m our opimon, be analysed with that suspended mat- 
ter in it, but the water should be examined both before and 
after filtration. The difference between the two results is the 
value for suspended matter. This double examination extends 
only to the total solid residue and the organic matter. The nitric acid 
and chlorine will not be affected by the suspended matter. A 
-shght difference will sometimes be found between the hardness 

before and after filtration, but it is not of sufficient moment to 
render a second determination requisite. 
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1687 .— What is the nature of dissolved impurities ? 
They may be gaseous or solid, and the solid may be organic or 
inorganic. 
1658. —Give a simple method for determining the presence of recent 
sewage contamination. 


On the addition of Condy’s fluidthe colour rapidly disappears 
in consequence of the presence of much fresh organic matter. 


CHAPTER XVIII. 


EXAMINATION OF WATER—continvued. 





QUANTITATIVE ANALYSIS OF WATER-INTRODUCTION. 


1659 — What is the object aimed at in an examination of water for 
hygienic purposes ? 

The analysis of water for hygienic purposes has for its object 
to ascertain whether the water contains any sulstances either sus- 
pended or dissolved which are likely to be hurtful. There are some 
substances which we know are not likely todo any harm, such as 
carbonate of sodium, calcium, and magnesium in small quantities. 
Others are at once viewed with suspicion as indicating an animal 
origin, and, therefore, being probably derived from habitations or 
resorts of men oranimals, or trom decaying bodies. In other cases 
substances in themselves harmless, such as nitrates, nitrites, and 
ammonia, are suspicions from implying the co-existence of, or the 
previous contamination of the water by nitrogenous substances. 
Ihe difficulties in the hygienic examination of water are not incon- 
siderable. A judgment must be generally come to from a collation 
of all the evidence, rather than from the results of one or two testa. 


1660.— Con we rely upon the results of « chemical und physical 
examination of water as to ite usability 7 
Not absolutely, for it may fail to detect small quantities of the 
specific poison of disease, such as micro-organisms. It is quite 
possible for a water to contain the materes morbi of enteric fever, 
cholera, or malarial diseases, and yet fail to be detected by chemical 
analysis. 
1661.—What are the more wmportant processes conducted in ow 
quantitative examination of water ? 
The quantitative processes which appear, in a hygienic sense, 
to be most useful are as follows :— 


Determination of— 


1. Dissolved solids. (a) Total. (b) Fixed. (c) Volatile. 
2. Chlorine. 
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3. Hardness. (a) Total. (b) Fixed. (c) Temporary or 
removable. 
4, Free or saline ammonia and mtrogenous organic matter, 
as represented by— 
(a) Free ammonia. 
(6b) Albuminoid ammonia. 
Oxidisable matter and products of orqunic oxidation. 
(a) In terms of vaygen required for total oxidisable 
matter. 
(b) In terms of oxygen required for organic matter 
only. 
(c) Nitrous acid. 
(d) Nitric acid. 
Phosphoric acid in phosphates. 
Sulphuric acid, silica, iron, and the alkaline carbonates 
may be determined, but are seldom required. 


1662.—Whut points are estimated and inquired into during an 
ordinary quantitative examination of water ? 


Total solid matter, hardness, (temporary and permanent), 
chlorine, ready-formed ammonia, nitrogen existing in organic mat- 
ter or “albuminoid ammonia,” and nitrogen in the form of 
nitrates and nitrites. 


1663.— According to the R. P. C. what particulars as to water should 
be inquired into in conducting « quantitative analysis ? 


u 


a ds 


1. Organic carbon, 

2. - nitrogen. 

3. Ammonia. 

4, Nitrogenin combination with oxygen, as in nitric and 
nitrous acids. 

5. Total combined nitrogen. 

6. Colour. 

7. Hardness (ascertaining the nature of the hardening con- 
stituents). 


1664.— How may we estimate purity of water ? 


The only safe way of arriving at a conclusion with regard to 
the quality of a water is to consider the analyst’s report together with 
the possible sources of pollution, and, for this rcason, it is most desir- 
able to send a full account of the surrounding conditions with the 
sample. 


1665.— What are the difficulties connected with an exact and com- 
plete chemical analysis of water ? 


The ewhaustive chemical examination of a sample of water is one 
of the most tedious and troublesome operations knowr to chemists. 
It requires weeks, sometimes even months, for its completion. 
This arises partly from the great multiplicity of separate sub- 
stances which may be present in the water, both in solution and in 
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suspension, partly from the very minute proportion in which these 
substances sometimes exist, and partly on account of the difficulties 
attending their exact determination. 


1666.—lVhat amount of water ts required for analysis ? 


One Winchester quart. [Seventy C.C. is used for each distinct 
operation, with one or two exceptions. A gallon contains 70,000 
grains. Seventy C.C. is styled a “ miniature gallon.” | 


1667 .— In general terms what may be said to be the effects of impure 
water on public health ? 


Although impure water has Jong been recognised as one of the 
most potent causes of disease, it is only of recent years that 
minute investigation has succeeded in demonstrating the terrible 
mortality which it inflicts on all classes of the community. It is 
true that chemical analysis often fails in detecting the special im- 
purities on which the development of certain diseases depends; it is 
also true that, even when impurities are detected, it is extremely 
difficult to estimate their exact etiological value; nevertheless, the 
broad fact remains, and it is founded on evidence of the most con- 
clusive kind, that a large number of cases of disease are attributa- 
ble to the use of impure water, and there are good grounds for 
believing that, as investigations become more frequent and precise, 
a continually increasing class of such cases will be discovered. It 
must also be remembered that the effects of impure water, lixe the 
effects of impure air, may engender a gencral impairment of the 
health, without giving rise to well-pronounced disease. 

When carrymg out a qualitative and quantitative examination, 
we may conduct these under the several headings of chlorine, nitrates, 
nitrites, etc., (qualitative), and solids, ammonia, etc., (quantitative). 

A determination of the nature of these is not frequentl 
necessary, and a quantitative determination of each of them is sel- 
dom of much service for the purposes of sanitation. If required, 
special precautions are necessary, and some of the operations must 
be conducteéd at the spring or well, as the case may be. The pre- 
sence of any special odorous gas, such as sulphuretted hydrogen, 
may be noted. 

The very numerous animal and vegetable substances derived 
from habitations are usually classed under the vague, but conve- 
nient term of “organic matter,” as the separation of the individual 
substances is impossible. The organic matter is usually nitroge- 
nous, and FRANKLAND has proposed to express its amount in terms 
of its nitrogen (organic nitrogen), but this view is not now generall 
received on account of the difficulty of estimating the very small 
quantities sometimes found. 

When a water is much discolored from impurities, there is no- 
difficulty in obtaining enoughof the sedimentary matter for micro- 
scopical examination. But sometimes the sediment is so small in 
amount that several slides may have to be examined before anything 


e 
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is met with. When this is the case, a long narrow cylindrical glass, 
thoroughly cleaned, should be filled with the water to be examined, 
allowed to stand for 24 hours, and then the water to within }" from 
the bottom should be siphoned off, and preparations made from it in 
the ordinary way. 


1668.—Js it always an easy matter to be able to express a definite 
opinion as to the quality of water ? 


_ There is no difficulty in condemning a water which is very bad 
or in pronouncing a water very good; the difficulty begins when 
the pollution is small in amount and doubtful in character. 


1669 .— What factors are employed in the conversion of parts per 
100,000 into grains per gallon, or the reverse ? 
1. To convert parts per 100,000 into grains per gallon, multiply 
by 7 and move the decimal point one place to the left. 
. To convert grains ea gallon into parts per 100,000, multiply 
by 10 and divide by 7 or shortly divide by °7. 
' = To convert grains per litre into grains per gallon, multiply 
y 7. 
1670.— What are the various equivalents of 70 C.C. of water ? 


70 C.C. of water 70,000 milligrams. A gallon of water weighs 
70,000 grains ; 70 C.C. of water is therefore a sort of mjniature gallon 
in which the milligram is related to the grain ; for instance, knowing 
the residue left by 70 C.C. in milligram, we at once know the number 
of grains of solids per gallon. 


1671.—How may we convert into parts per 100,000 from grains 
per gallon ? 
By dividing by 7% or, ‘what comes to the same thing, by 
multiplying by 10 and dividing by 7. 
1672 .— How are the results of quantitative examinations usually 
stated | 
The statement of results is usually given in English-speaking 
countries in grains per gallon, or in parts in 100,000; but it may be 
piven in grammes per litre, which is the same as parts per 1000, and 
y shifting the decimal point to the right, parts per 10,000, 100,000, or 
per 1,000,000 are obtained. I1t is much to be desired that one 
uniform mode should be definitively adopted, in order to avoid the 
confusion which at present undoubtedly exists.* 


1673.—How may we convert paris per million (t.e.. milligrammes 
per litre) into grains per gallon ? 


By multiplying by the factor ‘07 


1674.—How may we convert grains per gallon into parts per 
million ? 


By multiplying by the factor 14:3. 
* Parkes’ Practical Hygiene, 7th Ed. 
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1675.—Give the results of any analysie you may have made. 
analysie by Mr. G. Paumer, on 6th May 1890. Analyssa 
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From the Hussain Saugor Tank near the village} 17°5 7 |) 25 


of Khairatabad, and near the out-fall of the 
Bulkapur channel, (no water running in the 
channel atthe time). 
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From the Hussain Saugor Tank close to the} J38°5 | 6:5° 23 
: Nampully sluice, and over the sluice opening, 

through which the water for the Residency and 

Chadarghaut supplies flows. 


From the chamber in the Residency filter beds| 14°2 
whence the water flows on to the sand of the filters. 
The waterin this chamber has passed through 
a wire sieve of 400 meshes to the square inch. 
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From a stand-post in the Residency Bazars| 12 58°; 22 
(at Ramkote). This water has been filtered and 
1a in the state in which 1t is spplied to the public. 
From near the centre of the Hussain Saugor| 16 2°5 


Tank, about the deepest part. 


From the Hussain Saugor Tank under the} 17 58° 3:2 
Railway Bridge, where the pump for the Railway 
supply is situated. Through this bridge sewage 
falling into the tank from Secunderabad must, 
flow into the main body of the Tank. 
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1. The water of samples J, 2,and 6 are unwholesome. They 
would be considerably improved by filtration, but nothing short of 
boiling and filtration would render them potable. 


2. Samples 3 and 5 would be rendered wholesome by due 
filtration, but are in their present state impure and unpotable. 


3. Sample 4 is a “pure” wholesome water. With the 
exception of that of its “Total Solids,” all its constituent impurities 
are in such small quantitics as to lead me to consider it a first class: 
water. 

4, With regard to the quantity of total solids, total hardness and 


chlorine, all the samples are practically alike. Much variation 
however is found in the amount of “ Free and Albuminoid Am- 
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Report on siv samples of water numbered 1, 2,3, 4, 5, 6, sent for 
carried out on 7th, 8th, 9th, 10th May 1890. 





Ammonia, Parts 

















per 100,000. 
, Microscopical characters of 
Physical characters. sadinacat. 
Free. Albumi- 
noid. 

00636 ‘004 | Faintly opalescent becoming} Vegetable debris; bacterioid 
clear onstanding. Greyish floc-land amceboid forms; infu- 
culent suspended matter,|soria, wool-fib7e. 

| minute animalculs floating 
| about. 
“00578 0085 | Clear; small amount of sus-; Vegetable debris, monads, 


pended flocculent matter. Fewjbacterioid forms, ciliate, 
animalcule. oscillatoria in abundance. 


008 "002 | Clear, trifling amount of sus-| A few vegetable ‘cells, cot- 
pended matter. ton wool-fibre, infusoria. 


“0015 "0012 | Clear, devoid of sediment and! A few vegetable spores. 
of suspended matter. 


"103 | +:00384 | Clear; extremely fine particles; Vegetable cells, and vege- 
of suspended matter, ubund-jtable debris, epithelial cells 
once of very small animalculie. |(squamous), oscillatoria. 
Fuintly opalescent ; suspended “Cellular alyssa, conidia, 
flocculent matter in abundance,|disintegrating vegetable fibre, 
animalculs of various kinds. bacterloid forms in abund- 
ance, starch granules, oscile 
| ees ciliata. 


00424 | -0031 





monia” (the standard of animal organic impurity and of contamina- 
tion by human excrement), and in this respect all the samples 
except (4) are impure and unfit for human consumption without 
previous preparation by filtration, and in theinstances specified, 
without boiling and filtration. 
All (except 4) contain the lower forms of animal and vegetable 
life, living and dead. 
; None of the samples are sufficiently impure to be absolutely 
condemned. 
(The height of the Tank on 6th May (date on which samples 
were taken) was 27’ 8”, or 11' 5” above tha outlet whence the water- 
supply is derived. ! 


410 WATER. [PaRT 1,. 


CHAPTER XIX. 


EXAMINATION OF WaATER—continued. 





CHLORINE. 


1676.— What are the different sources of chlorine in water ? 
(a) Geological strata containing chlorides of sodium or cal- 
cium— especially. 
(b) Salt of sea-water. 
(c) Liquid excreta of men and animals. 


1677.— What apparatus and test solutions are required for the 
quantitative test for chlorine ? 


Graduated burette and stand; two porcelain dishes holding 
about eight ounces; standard silver solution of argentic nitrate 
solution of yellow potassium chromate. 


1678.— What is the strength of the standard solution of nitrate of 
silver 7 


There are 4°788 grammes of AgNO, per litre of distilled water. 
Each cubic centimetre of this solution is equivalent to one 
millimetre of Cl and 1°65 of NaCl. 


1679.—What ts the strength of the potassium mono-chromate 
solution ? 


50 grammes of mono-chromate of potassium to one litre of 
distilled water. 


[The strength of the solution is so adjusted that each C.C. of 
the AgNO, solution represents one part of Cl) per 100,000 parts. 


1680.— What precaution is to be taken ? 


To see that the chromic acid salt is pure. It sometimes con- 
tains chlorides; its degree of impurity can be estimated by a trial 
with pure distilled water and allowance made for. 


1681 .— How is the standard solution of nitrate of silver prepared 
and used ? 


By dissolving 4°788 grammes of pure AgNO, in one litre of 
distilled water. It is of such a strength that one cubic centimetre 
of it is capable of precipitating exactly one milligram of chlorine. 


If some of this standard solution is dropped into a water 
containing chlorine a white precipitate of AgCl will go on forming 
until all the chlorine in the water has united with the silver. There 
is however some difficulty of recognising the exact point at which 
the formation of the precipitate ceases ; this difficulty is measured 
by using an indicator. 
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1682.— What ts the quantitative test for chlorine in water.? 


Chlorine is estimated by the volumetric solution of silver 
nitrate. We take 100C.C. of the water either placed in a beaker 
resting on a white slab, or on a porcelain dish, just coloured with @ 
solution of potassic mono-chromate (about 1 C.C.), and then the 
silver nitrate solution dropped in from a burette, until a reddish 
tinge is produced. 

1683.— What is the principle of this test ? 


The explanation of the test is as follows :—Silver chromate is a 
red salt; it 1s not formed until all the chlorides are first used up; 
upon its appearance therefore it is certain that all the chlorine 1s 
combined with silver. Each C.C.of the silver solution equals a 
milligramme (‘001 grm.) of chlorine, so that the number of C.C. 
used multiplied by ‘OU1 equals the chlorine in J00 C.C. of water. 
[The reaction is made more delicate by observing the tint through 
a solution of chromate. | 


1684.— Show by an example how the test is carried out ? 


Take 100C.C. of the water to be tested in a whit® porcelain dish. 
Add a few drops of the mono-chromate of potassium, giving the’ 
water a slightly yellow colour. Drop in the standardised solution 
of AgNO, from a graduated burette, till the water becomes 
slightly tinged, that is, till a faint red colour occurs and remains 
permanent. Suppose we took 7 C.C. of AgNO, solution for the 
100 C.C. of water, the water contains 7 parts of chlorine in 100,000 
of water or 70 per litre. If we wish to express it in parts per gallon 
we have the proportion 

100,000: 70,000 <3 7: @. 


= en = 49 parts per gallon. 


To state the result as NaCl* we multiply the result by 1°65 
which is 11°55 NaCl per 100,000. 


1685 .—Sitate briefly the most common method of carrying out this 
test 7 


Take 100 C.C. of water, add a few drops of solution of mono- 
chromate of potash, making it slightly yellow. Drop in solution of 
AgNO, till the water becomes slightly tinged. We go on adding 
AgNO, solution till a faint light red colour occurs. We read off 
the number of C.C. of AgNO, solution used, these represent the 
parts of chlorine per 100,000 parts of water. 


1686 .— When « solution of silver nitrate is added to a sample of 


drinking water a precipitate is formed : how would you 
prove this to be silver chloride ? 


By its solubility in a solution of ammonia. 


oe caeien se aateaatiillnatienntnae smelted 


* This factor is got from the atomic weights of sodium (23) and 
chlorine (85) thatis2=1°65. 
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1687.—What is the principle involved in the volumetric teat for 
chlorine ? 

The fact that silver chromate cannot exist in the presence 
of a solution of a chloride. The solution of mono-chromate of 
eget is added primarily as an indicator, when all the chlorine 

s combined with the silver to form AgCl] the red chromate of 
silver begins to form and deposit. The moment this change in 
reaction occurs the addition of the AgNO, solution ceases. [The 
only difficulty in the test is to definitely fix the time the change 
referred to takes place. | 

1688.— Why do we use the bichromate of potassium in this case ? 


Because it serves the function of an indicator when all the 
chlorine has united with the AgNO,. The silver salt itself has a 
greater affinity for chlorine than for the chromic acid radical, but 
when all the chlorine has combined with the silver salt, the latter 
immediately unites with the bichromate, giving a very distinct per- 
manent reddish brown colour—that of chromate of silver. As long 
as any chlorides are present in the water, white silver chloride is 
formed, but the moment the amount of soluble chlorides is exhausted, 
the liquid acquires a reddish tint from the formation of red silver 
chromate. 


1689.— Vai precautions are necessary ? 

That the mono-chromate of potassium is free from chlorides. 
With the AgNO, the water should be of an acid reaction, for 
chromate of silver is dissolved by acids. 

If the water be acid it may be neutralised or made a little 
alkaline by a little solution of Na, CO . 

[If an important analysis is being carried out a blank trial with 
distilled water, and with water containing a known quantity of 
chlorine, maybe made before beginning the analysis. If great 
accuracy be wanted 2 or 3 times, the ordinary volume of the water 
may be evaporated. | 


1690.— How do we know when the silver has combined with all 
the chlorine ? 

__ The exact moment at which the formation of AgCl ceases 

will be shown by the appearance of tne deep red chromate of silver. 


1691.—Svte briefly how the teat is carried out ? 

To a given quantity of water (to which has been added a small 
quantity of yellow chromate of potassium) silver nitrate sol ution (4°79 
grammes to a litre of water) is dropped and stirred up after each 
addition ; the red silver chromate will disappear so long as any 
chlorine is present. Stop when the red tint becomes permanent; 
as 1C.C. of the silver nitrate equals 1 milligram of chlorine, the 
chlorine in the amount of water bakees can he calculated. Neither 
the water nor the nitrate of silver solution~must be acid, else the 
silver chromate will be dissolved. 
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Some analysts prefer to use a decinormal silver solution (17 
grammes of nitrate of silver aa litre) and operate on a large volume, 
say 250 C.C., of the water. Each 1 C.C. of this solution precipitates 
°00355 gramme of chlorine; hence if 250 C.C. of water be used for 
titration, the number of cubic centimetres of silver solution multi- 
plied by 0'994 gives the grains of chlorine per gallon, or by 1°42 the 
parts of chlorine per 100,000 of water. 


Dr. FRANKLAND uses a solution of half the usual strength, and 
takes 50 C.C. of the water for titration. Each 1C.C. of his nitrate 
of silver solution=0°0005 grammes chlorine. 


1692.—Give the details as to how the test is carried out. 


Take 100 C.C. of the water to be examined; place it in a glass 
vessel standing on a piece of white paper; add 1 C.C. of potassium 
monochromate solution, which must be free from chlorine,drop in the 
silver nitrate from the burette, and stir after each addition. The red 
silver chromate which 1s at first formed will disappear as long as 
any chlorine is present. Stop directly the least red tint is permanent. 
Neither the solution of silver nor the water must be acid; if the 
latter is acid, it should be neutralised with a little precipitated 
carbonate of calcium. The number of U.Cs. of silver solution used 
gives exactly the parts of chlorine per 100,000 of water. To bring 
to grains per gallon, multiply by 0°7.* 


1693.—Show by an example as to how the anount of chlorine in 
water is uscertuined and expressed. 

Water requires of nitrate of silver solution = 4'9 C.C. 

(Chlorine = 49 parts per 100,0U0 parts ; or, 3°43 grains per gallon. 

xz == per 100,000 parts ; or grains per gallon. 

In 100 C.C. of water, 1 C.C. of potassium mono-chromate, and 
1°5 C.C. of silver solution gives a permanent red tint, therefore the 
water contains 15 parts per 100,000 of chlorine; 1°0xX0'7 = 1:05 
grains per gallon. 

1694.— Wid is the reaction which takes place * 

AgNO,+NaCl = NaNO,+AgCl. 

Say we took 7 C.C. of AgNO, solution for 100 C.C. of water, 
therefore the chlorine is in proportion of 7 to 100,000 of water as 

er decimal system in grains per gallon it = parts in 70,000 ~ as 
00,000 : 70,000: : 7: a. 
100,000 « = 490,000 
& «m= 100,000) 490,000 (4°9 parts per gallon. 
1695.—Ie there any other quantitative test for chlorine ? 
Yes, that known as the Indigo process. 





* Parkes’ Practical Hygiene. 
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1696.—How is the test solution prepared for the Indigo process ? 


A standard solution of indigo is prepared by dissolving com- 
mercial indigo-carmine in water containing 5 per cent. by volume 
of sulphuric acid, and boiling for some time so as to sterilise the 
solution. It is then standardised against a very dilute solution of 
nitrate of potassium, which may be conveniently made of sucha 
strength that 1 C.C.=-0001 gramme N,O,, or a solution containing 
0187 gramme nitrate of potassium in a litre of water. In diluting 
the indigo solution to the proper strength, distilled water contain- 
ing 5 per cent. by volume of sulphuric acid should be used. When 
thus prepared the solution keeps well. 


1697.—Is it usual to find free chlorine in water 7 


No; it is never found in the free state, but always as a chloride, 
especially as NaC] [N.B.—Analytical results however are expressed 
as so much “chlorine ”’}. 


1698.—Is chlorine affected by passing through the soil, or the roots 
of plunts in the soil 7 


No, it is constant. Itis not affected by the soil or vegetation. 
It remains as evidence of past contamination after all other evidence 
has ceased to exist. 


1699.— When is the chlorine test very valuable ? 


When (1) a large number of wells which were not before saline 
have to be examined suddenly, it shows amount of contamination of 
sewage. 


1700.—Is the umount of chlorine a good indication us to the qual- 
ity of a water ? 


Yes, providing we know the source of the water and the nature 
of the soil through which it has passed. 


1701.— How may we distinguish the source of chlorine in walter ? 


When in excess from sea-water, or from geologig¢al strata, there 
is marked absence of either organic matter or its oxidised products. 
When chlorine 1s from liquid excreta we have invariably associated 
with it in the water, ammonia, nitrites and nitrates, and probably 
also a considerable amount of oxidisable organic matters, and some- 
times hkewise phosphoric acid. [An abundance of chlorine with oxi- 
tle organic matters are indicative of receit sewage contamina- 
tion. 


1702.—How do we differentiate the source of excesa of chlorine ? 


If from saline strata or sea water there is an absence of oxidiaa- 
ble or oxidised organic matter. Iffrom human excrement, ammo- 
nia, nitrites and uitrates are present together with much oxidisable 
organic matterand probably also phosphates. Vegetable contami- 
nation is not indicated by chlorine. 
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Ordinarily where water is found to contain excess of chlorine, 
sewage contamination should be suspected and a further examina- 
tion called for. 


1703.— What is the inference ? 


That if a given sample of water be found to be devoid of 
chlorine, or very nearly devoid of it, there has not been sewage con- 
tamination. [This does not hold good in India, where in consequence 
of the manner in which the native sits the liquid and solid excrement 
are separated—especially is this so if privy pans are used ]. 


1704.— Why is the estimation of chlorine important ? 


Because it is in an indirect way an indication of sewage con- 
tamination. 


1705.—Is chlorine alone a good test for purity of water ? 


No, it is not asa rule; but having ascertained the source of 
water and the nature of the svil it comes from, the quantity of 
chlorineis a good indication as to the degree of purity, although the 
amount of chlorine does not bear any constant proportion to the 
amount of polluting substances in the water. [N.B.—Chlorine is a 
constant element in human and animal refuse, and it is not affected 
by passage through the soil or by the action of vegetation. We 
should remember that chlorides remain as evidence of past con- 
tamination (if it arise from sewage) after all other evidence has 
ceased to exist. | 

1706.— What is the relation of chlorides and chlorine to water ? 


Chlorine in small quantities occurs in all waters. An undue 
quantity, unless oe by its coming from a saline spring, or 
from near the sea, should arouse suspicion. The chlorides 11 .water 
are important as indications of the cxistence of human excremental 
contamination, and sometimes they form a guide as to the channel 
by means of which sewage gains access. Hence the importance 
of estimating the amount of chlorine in quantitative chemical 
analyses. Excess of chloride of calcium and magnesium may give rise 
to diarrhea. 

Excessive amounts of chlorine are also found in brackish waters 
from wells near the sea and in certain deep well waters, so that 
the presence of excess of chlorine must not be taken as alsolute 
proof of sewage contamination ; as a confirmatory test if is of great 
value. 

Chlorides, estimated as sodic chloride, may reach the propor- 
tion of 100 parts per million in organically pure water from the 
new red sandstone, greensand, and other saliferous formations. 
Brackish water also contains excess of chlorine. In general, how- 
ever, good waters contain not more than about 10 or 20 parts per 
million, and rain water and peaty waters little or none. Water 
from surfaces, shallow wells, etc., may contain considerable quanti- 
ties of chlorine from sewage contamination. 
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Upon this point the late Professor Parxss stated :—‘ The purest 
waters contain small quantities of chlorides, generally less than 1'5. 
per 100,000. Rain water generally contains 0°22 to 0°5 per 100,000. 
An increase in ordinary drinking water may be due to sea water, 
salt-bearing strata, or sewage, or other impurities. In the two 
former cascs it is comparatively innocent, but in the last it 
may be an indication of dangerous contamination, in which case it 
is usually connected with an increase in the ammonias, the oxidis- 
able matter, and the nitrogen acids. Sewage contamination can 
never take place without some increase in the chlorides, unless it 
be through gaseous emanations. Some deep wells contain large 

uantities of chlorides, but the other details of the analysis will 
show that this is not due to any recent contamination. Generally 
. speaking, however, an excess of chlorine is a reason for suspicion, 
until a satisfactory explanation of its presence is obtained.” 


1707 .— What is the hygienic importance of chlorides in drinking 


water ? 


Chlorides are always present in small quantities in water. 
In the Thames water at Kew, there is ‘847 grain per gallon of 
chlorine, in the new river water 1°1, in Ulls water °7 grain per gallon. 
As a rule the presence of 1 grain per gallon indicates contamination 
with some animal refuse, unless the water is derived from new red 
sandstone, or brine springs, or from the neighbourhood of the sea. 
But this is not universally the case as the Trafalgar Square pum 
water contains 163 parts of chlorine in 100,000, and yet 1s regarde 
by FraNkKLAND as one of the best of waters. We may state the im- 
portance of chlorine in water, thus: its absence or the presence of 
only a minute quantity indicates with a fair degree of certainty, the 
absence of animal contamination, though, on the other hand, in 
exceptional cases, the purest water may contain more chlorine than 
the same bulk of sewage. 

_ ifthe chlorine exceeds 15 grain per gallon, its source should 
be inquired into; and if there be also much ammonia, and especially 
albuminoid ammonia, or organic carbon present, or if the water con- 
sumes much oxygen in the re enmenere process, sewage contami- 
nation may be apprehended. The deep artesian well waters of the 
London basin contain much chlorine and ammonis, and are whole- 
some ; but they yield little organic carbon and albuminoid ammonia, 
and they consume little oxygen (from permanganate). Chorides in 
large amounts should raise suspicion; if they are not accompanied by 
any excess of organic matter they are probably derived from the 
sea, from salt beds, or some other mineral source, and if they do 
not make it brackish may, as in the Kent Compamny’s water, mean 
nothing ; but when these sources are excluded, and there is evidence 
of much organic matter, i.e., ammonia, nitrates, nitrites, and phos- 
phoric acid, and, ifthe pollution be recent, oxidisable organic matter, 
the source of the chlorides is urime. When there is, on the other 
hand, the salt is derived from springs, or from the sea; or it is pro- 
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bably attended in the one case by sodium and calcium carbonates 
:and sulphates, in the other by magnesia, and it is generally in large 
amounts. 


CHAPTER XX. 
EXAMINATION OF WaAtTER—continued. 


METALLIC IMPURITIES IN WATER. 


1708.—EHnumerate the metals that are occasionally found in 
water. 


Lead, iron, copper, zinc, and arsenic. 


Lead, iron, and copper are the poisonous metals more usually 
met with in drinking water ; less than one-tenth grain of lead or 
copper, and not more than two-tenths grain of iron per gallon may 
be permitted. 


1709.—By what simple methods may the testing for these metals 
be managed ? 


The testing may be managed very simply and expeditiously, and 
also very delicately, by taking advantage of the formation of dark- 
coloured sulphurets by means of sulphuretted-hydrogen, orsulphuret 
of ammonia. Moreover, these metals, in very dilute solutions, do 
not yield precipitates of sulphuret,but yield dark-coloured solutions, 
the depth of which is proportional to the amount cf metal present. 
It is therefore possible to estimate these mctals by the depth of the 
colour. 


1710.—Upon what principle may we examine for these metals 
quantitatively ? 


The quantities of these metals present may be found by making 
use of the ammonium sulphide precipitation, and comparing with 
standard solutions. In ee a glass rod moistened with ammo- 
nium sulphide is dipped into some water ina porcelain dish; if 
there be ay colouration, it should just be visible, and should dis- 
appear on the addition of two or three drops of hydrochloric acid if 
it be due to iron; if it remain, it is due to copper or lead, and should 
be condemned. Arsenic, barium, zinc, manganese, and chromium 
sometimes find their way into drinking water from chemical and 
other works. 

As the mere presence of such metals as lead, copper, arsenic, and 
zinc in appreciable quantity is enough to condemn a water, there- 
fore it will seldom be necessary to determine their amount 
quantitatively. 

17121.—What ave the relations of metallic saltsto water ? 

Of the metallic salts constituting impurities in water, lead, 

iron, and copper are the most important. Copper is rarely met with, 
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and when found is usually derived from coppér cooking-utensils 
which have not been properly tinned. Neglect in this respect is 
sometimes serious. e have seen several cases of slight copper- 
ponte arise in this way. The possibility of this would be obviated 
y the use of properly enamelled cooking utensils or block steel 
vessels. from may be derived either from the original source of 
the water, the water passing through a stratum containing hema- 
tite ore, etc., or, in the case of public water-supplies, it may be dis- 
solved out from the pipes. The smallest quantity, even } grain to 
the gallon, is recognised by the palate. Such water is injurious to 
plethoric people, giving rise to ringing in the ears, headache, etc. 


The most common and important metallic impurity is lead. 
This in the case of public water works is usually derived either from 
the service pipe or housecistern. An extremely small quantity of 
lead inthe water may give rise to dangerous symptoms, if the con- 
sumption of the water 1s long continued. Prof. Parkes stated that 
any quantity over ,); grain per gallon should be considered danger- 
ous, and some persons have been affected by even smaller quantities. 


1712.— What are the chief sources of lead in the water ? 


The soluble salts of lead from leaden pipes, or from leaden 
cisterns. 


1713.—Briefly stute how we may test for lead, iron or copper in 
water. 


Acidify the water with hydrochloric acid and add sulphuretted 
hydrogen solution. Any brown colour developed shows the presence 
of lead or copper. Add ammonia sulphide solution This produces 
a dark colour, not cleared up by hydrochloric acid. Place some 
water (100 C.C.) in a white dish and stir up with a rod dipped in 
ammonia sulphide, wait till the blue colour is produced, then add 
a drop or two of hydrochloric acid. Ifthe colour disappears it is 
due to iron; if it does not, to lead or copper. 

With zinc, sulphuretted hydrogen gives a white precipitate. This 
test 18 not available if there be iron present, or should the water be 
alkaline. It only holds good for perfectly neutral waters containing 
zinc. 

1714.—IWhat are the qualitative tests for lead ? 


(2) Ammonic sulphide of ammonia will give a_ black 
colour or precipitate, not removed by acid; (b) 1 C.C. of cochi- 
neal solution added to 20 or 30C.C. of the sample water, in a white 
dish, will give a purple or blue tint if any trace of lead is present. 
(c) A new test has been brought forward by Harvey. Two grains 
of crystallised bichromate of potash are added, half toa litre of 
sample water in 2 conical glass, and after stirring, allowed to stand 
for 15 minutes. A similar sample of lead-free water is placed along- 
side for comparison. As little as sors grain per gallon is said to 
give a perceptible turbidity. If the water is not clear, it must be 
previously filtered. (Harvey's Test.) 
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1715.—How may we detect lead and copper in water ? 


A solution of cochineal strikes in a neutral or alkaline 
solution a feeble red having a faint blue tinge to a deep 
mauve blue, according to the quantity present. H,S gives a brown 
to black colour. Lead is distinguished from copper by the ferrocy- 
anide test. A solution of potassic ferrocyanide added to a water 
containing a trace of copper, gives a brown colour, or if more than a 
trace be present, there will be a precipitate. 


1716.—How may we estimate the amount of lead present ? 


By comparing the colour produced by the natural water with 
that produced in an equal amount of distilled water containing 
known amount of lead per gallon, when both are treated with H,S. 


1717.—Give a more accurate qualitutive test for lead. 


Evaporate one or two pints of the water to a small bulk, acidify 
with nitric acid, and pass hydrogen sulphide. Filter, dry and ignite 
precipitate in a porcelain crucible. When cold add a drop or two of 
nitric acid and a little water, and test with potassium iodide (yellow 
oa or potassium bichromate (yellow precipitate or coloura- 
tion). 

1718.— Describe a process fur conducting a quantitative estimation of 
lead in water. 


1. Put 4 0z. of the suspected water in one of the dishes, and 
40z. of distilled water in the other. 

' 2. Stir each with a glass rod dipped in ammonium sulphide 
solution. 

3. Into the basin containing the distilled water, run in the 
standard solution of the metal that is sought to be estimated till 
the water is of the same shade of colour as the suspected water. 

4. Calculate the result. 

Thus e.g., with lead, suppose 4 decems are used, then -00090 x 4 
0°0036 x 5=°0180 grains per pint, or “1440 grains ot metallic lead, 
per gallon. 

Note.—The above process is applicable to the three metals, lead, 

copper and iron processes. 


-2719.— What appuratus are needed ? 


Burctte and stand, two porcelain dishes, and glass stirring-rods; 
ammonium sulphide, standard solution. 


1720.—What are the theories respecting the solvent action of 
soft waters upon lead ? 
1. That it is dac to organic acids in the water (acetic, humic 
or ulmic). 

2. Due to inorganic acids. 
8. Due directly or indirectly to organisms, 

- 4 Due to absence of silica from the water. 
5. Due to excess of CO, in water. 
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1721.—1Vhat point did ALLEN and Wuure.zcce prove with 
regard to the action of acid soft waters in lead ? 


They found that the soft waters (¢.9., those of Sheffield) which 
act freely and injuriously on lead are, in many instances at least, acid 
in reaction ; and that the acidity may be due to the presence of fixed 
organic and inorganic acids, or both. The organic acids are due to 
the oxidation of heat. The inorganic acid may be sulphuric, arising 
from the influx of a ferruginous water containing a ferrous salt. 
On exposure the ferrous salt oxidises and splits up into an insoluble 
basic ferric salt, and free sulphuric acid or an acid sulphate. Such 
waters, when run over a weir or along a conduit, composed of 
broken soft limestone or chalk, have their acidity neutralised ; they 
take up a small quantity of carbonate of calcium, and acquire addi- 
tional hardness, corresponding to the excess of chalk dissolved 
beyond thatconsumed. In other cases the acidity which gives the 
water its lead-dissolving powers, may be due to the presence of free 
sulphuric acid formed by oxidation of iron pyrites in the water. [It 
has been recently suggested by Mr. Power, in a report to the 
Local Government Board, thatthe biological characteristic of a 
water—the presence or absence of bacterial organism—may 
exercise an influence over its ‘“ plumbo-solvent ”’ properties. 
There is also some evidence to show that leaden pipes are much 
more rapidly corroded when the mains are intermittently charged, 
than when kept under constant high pressure. 


1722.—Have micro-organisms uny influence in effecting the solue 
tion of lead in water ? 


Mr. W. H. Power, having ee te the observed influence of 
acidity on the solvent actions of soft moorland waters on lead, 
offers the suggestion that the ‘inscrutable behaviour’ of these 
waters in regard to plumbo-solvent ability may be related to the 
agency, direct or indirect, of low forma of organic life. This sugges- 
tion, no doubt, has as its basis the circumstance that certain bacteria 
have been found experimentally to es acid changes in the 
culture media in which they have been grown; but the results 
hitherto obtained with the Sheffield plumbo-solvent waters are 
mostly negative (Reports of the Medical Officer of the Local Gov- 
ernment Board for 1887 and 1888, pp. 280 and 453, respectively). 

After the prolonged drought of 1887, the waters in the Sheffield 
reservoirs ran very low, the peaty acids—derived from the gather- 
ing grounds, were not diluted to the usual extent, anda severe 
outbreak of lead-poisoning occurred in the town. 


1723.—What other objections may be alleged against a soft water ? 

The greater danger of lead contamination, often introduced 

by the adoption of # soft and slightly acid water-supply, may far 

outweigh, trom a hygienic point of view, the disadvantages re. 
sulting from the use of a water of moderate hardness. 
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1724.—How may we test the action of a particular water ona lead 
pipe : 

A method commonly adopted is to immerse fresh-scraped clean 
lates of lead, 6 X 2 inches in size, in a known volume, say 500 C.C. 
or, better, 1 pint = 568 C.C.) of the water in a loosely stoppéred 

bottle capable of holding double this quantity of liquid. After 
twenty-four hours the strips of lead are removed and any corrosion 


or deposit is noted. After filtration the water is examined for the 
lead in the usual manner. 


A better and more satisfactory plan is to take a 36-inch length 
of fresh well-cleaned lead pipe, of 4 inch bore, closed by means of 
a cork provided with a pinch-cock below, and by a cork above. The 
tube is rinsed with the water and then filled with it, corked, and 

laced in a nearly horizontal position, the pinch-cock being at the 
owest end of the tube. After a definite period, say 12, 18, or 24 
hours, the water is run out of the tube, and replaced by a fresh 
quantity, which is again withdrawn at the end of any desired 
period. The successive quantities of water are measured, and 
the lead present determined as before. In this way the action of 
the water upon lead (either fresh pipe or after some use) may be 
determined. The volume of water held by a pipe of 4 inch bore, 


Hn ag i in length, is one-fifth of a pint approximately, or 
16 C.C. 


Another practical test of the action of water on lead is as 
follows :—'Take a beaker containing eight ounces of the water to be 
examined, and place in it a piece of plumbers’ cistern ‘* six-pound 
lead,” four inches by one inch. Each square inch of the lead sheet 
is thus acted upon by one ounce of water. The water may be 
examined daily, the colour produced on the addition of sulphuretted 
hydrogen compared with a standard solution of lead. WaANKLYN 
gives the following process :—Take 70 C.C. of the water, place 
them in a white porcelain dish, and stir with a glass rod dipped 
in sulphide of ammonium. If the slight colouration form which is not 
absolutely destroyed on acidification with hydrochloric acid, the 
water should be condemned as contaminated with metallic im- 
purity—either copper or lead. Lead-poisoning may result from so 
small a quantity as one-ninth of a grain per gallon. 


1725.—WVhai 18 the principle of the methods employed for estimat- 
ing the umount of lead or iron present in water ? 


In the case of lead, that of comparing the colour produced by 
the natural water with that produced in an equal amount of dis- 
tilled water containing a known amount of lead per gallon, when 
both are treated with sulphuretted hydrogen.’ In the case of iron 
it is estimated in the same way; compare the blue colour pro- 
duced in the natural water with that produced in pure water con- 
taining a known amount of iron; keep the tubes inthe dark for 
twelve hours or so. 
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1726.— What is the importance of the action of excess of CO, on 
lead in water ? 


It has been asserted that carbonate of lead, like the carbonates 
of calcium and magnesium, is more soluble in excess of carbonic 
acid than in water, and that a bicarbonate of lead is formed when 
lead is present in solution in a water containing excess of carbonic 
acid, and experimental proof of this action has been furnished. 

Hence pure rain water and distilled water corrode lead with 
great rapidity. Ifa few grains per gallon of sulphate of calcium 
be introducedinto such a water, an adherent and cobcrent thin 

ey film of a lead compound quickly forms on the surface of the 
metal, and the water subsequently takes up a quite inconsiderable 
amount of lead; and thus the metal is preserved from further 
corrosion. 

The deposit is very finely divided and has very little coherence, 
and hence when the deposit forms on the surface of the metal—as, 
for instance, when there is simultancous oxidation and precipita- 
tion of the lead on the surface of a leaden pipe—the hydro-carbonate 
does not protect the metal beneath from the further corroding 
action of the aerated water. 

On exposure to air, the dissolved lead is soon thrown down in 
the form of the almost insoluble hydro-carbonate (basic carbonate 
of lead, or white lead). 


1737.—Has naturally oxygenated water any action on lead ? 


Pure water, deprived of gases, haslittle or no action on lead; 
when, however, the water contains oxygen the lead is rapidly cor- 
roded and dissolved; the solvent action being hastened, if not actu- 
ally started, by the presence of traces of carbonic or other acid. 
The lead dissolved appears to be in the form of a hydrate (hydrated 
oxide of lead). 

1728.— What may be stated with regard to our knowledge upon the 
question of the relation of lead to drinking water ? 


That the whole subject of the action of waters upon lead, and 
its prevention, stands in need of further elucidation and research ; 
and although we may in some particular instances be able to ac- 
count forthe action of water upon this metal, the same explana- 
tion entirely fails in other cases. Thus it has been found that 
whilst the addition of an alkaline silicate of sodium to distilled 
water will prevent the corrosion of lead by the water, the same 
addition in other cases, under other conditions, may fail as a pre- 
ventive. Again, it is not only soft waters exclusively that act on 
lead, for many bard waters will have the same effect. Neitber 
the silica theory, nor the acid theory, of the action of waters 
upon lead, accounts for the whole facts known; and of two appa- 
rently similar waters as to constituents, one will act vigorously 
ee lead, whilst the other may have little or no effect in dissolving 
the metal. 
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1729.—Do all waters act equally on lead ? 


Many waters have little or no action upon lead, and especially 
the hard waters containing calcic carbonate or a moderate amount 
of carbonic acid. Calcicsulphate is less protective than the car- 
bonate, and magnesic less than calcic salts. A crust is formed 
upon the interior of lead pipes, composed of carbonate and sulphate 
ot lead, lime, and magnesia (or such of them as are present in the 
water), and chloride of lead. Carbonate of lead is difficult of solution 
except in water charged with excess of carbonic acid under pres- 
sure. Pipes which are new, which are bent against the grain, or 
which are alternately full and empty, are more attacked than 
others. The maximum amount of lead is found in water which has 
stood for some time in the pipes, over night for example. Lead is 
now chemically purer than usual in former years, owing to the 
profitable removal of silver andother metals with which it is found 
associated, and it would appear that the purer lead is more readily 
acted upor by water. 


1730.—In what ways do natural waters act on lead ? 


Natural waters are found to act ina variety of ways on lead, 
and as drinking water generally meets with lead either during 
its conveyance from the water reservoirs to the consumer 
through pipes of that metal, or by being stored in leaden cisterns, 
it becomes of the utmost importance that the conditions under 
which the natural waters become charged with lead should be 
known. ‘l'here is one broad fact which may be taken in connection 
with this sulject, that ‘“ hard” waters have, as a rule, very little, if 
any, action on lead, while soft waters invariably dissolve more 
or less of that metal. Hard water stored in leaden cisterns cause a 
coating of insoluble lead salts to form on the surface of the metal 
which protects the lead from the further action of the water. The 
salt having the most protective action is the sulphate, and as 
ordinary hard waters contain, as a rule, earthy sulphates, we are 
able to use such waters with impunity. On the other hand, as soft 
waters have no such protective properties, they become more or less 
charged with lead and the oxide dissolved in the water.* 


1731.— Whout processes have been adopted to prevent lead-poisoning 
in cases of water containing it 7 ; 


Various remedial measures have been tried, but, with few ex- 
ceptions, not in a sufficiently thorough way. To neutralise the 
acidity of the water it has been exposed to fragments of limestone, 
and the conduits have been lined with the same material, but the 
limestone soon becomes inert, probably by incrustation, and fre- 

uent renewal of the surface is necessary. Measured quantities of 
lime have also been added to the water, and powdered chalk has 








* First, lead forms an oxide which is dissolved, the oxide absorbing CO, is 
deposited as a hydrated basic carbonate. 
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been proposed for use inlike manner. Water has also been charged 
with traces of silica by filtration through powdered granite or 
flint. More evidence is needed before any final conclusion can be 
arrived at. and it is at least possible that the mischief may not 
always be due to the same cause. 


1732.— What waters act most on lead ? 


All “soft”? waters; pure water ; those containing organic mat- 
ter, nitrites, nitrates, and those highly oxygenated. | 


1733.— What waters act least on lead ? 


Hard waters, especially those containing an abundance of sul- 
phates, carbonates and phosphates of lime and magnesium, alkaline 
phosphates, and carbonic acid. 


1734.—How is water protected from the action of lead in these 
cases ? 


Because an insoluble crust of phosphate or sulphate is formed 
on fe inner surface of the pipe, which is protective and imper- 
meable. 


1735.— What salt has most protective action ? 


The salt having the most protective action is the sulphate; and 
as ordinary hard waters, as a rule, contain earthy sulphates, we are 
able to use such waters with impunity. On the other band, as soft 
waters haveno such protective properties, they become more or less 
charged with lead. Waters containing nitrates or nitrites in solution 
are especially to be avoided, as such waters exercise a powerfully 
solvent action on lead; and these salts have been known to corrode 
that metal to such an extent as to eat holes in the cistern in which 
the water was stored. 


1736.—Jn general terms what bodies attack lead most ? 


Any water containing air, oxygen, nitrites, nitrates, or chlorides, 
organic acids (either animal or vegetable). [Rain water, water 
containing sewage, and water rich in vegetable acids are particularly 
liable to act on lead and dissolve it. } 


1737.— What is the limit of lead allowable in water ? 


One-twentieth of a grain per gallon. This is likewise the limit 
detectable by chemical examinations. 


1738.— What rule then would you lay down with regard to water 
containing lead ? 


Condemn all waters containing it, for when it is present even in 
very small quantities, negligence, accident, or mismanagement ma 
at any time increase its amount to aseriously injuriousextent. [To 
state the matter in other words,—no water should be used for drink- 
ing which contains more than one part of lead per million, for any 
trace however small is dangerous. | 
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1739.— What limit does Wanktyn give ? 


WankKLYN adopts 3, gr. per galion as the limit, above which we 
should be justified in condemning a water. [The autkor is of opinion 
however that any trace however small should be sufficient justifi- 
cation for the condemnation of the water. | 


1740.— What quantity of lead did Prof. Parkers consider danger- 


ous in water ? 


‘Any quantity over j, of a grain per gallon should be consi- 
dered dangerous; some persons may even be uffected with less 
quantities.’* (The best way is to avoid the use of lead as much as 
possible in any connection with water for drinking purposes. The 
consumer, however, is not entirely his own master at this point, as 
the use of leaden service pipes is generally insisted upon by the water 
companies ; but cisterns need not be lined with (ead and the use of 
utensils made of alloys containing lead may be avoided. | 


1741.— What relation has been shown to exist between silica and 
the plumbo-solvent action of water ? 


Certain experiments recently carried out by the late Dr. Tipy, 
seem to show that a water free from silica attacks lead—a discovery 
of considerable importance in public water-supplies. In other words, 
that the varying powers of corroding lead, exhibited by soft waters 
of apparently identical chemical composition, are due to the presence 
or absence of silica in the water. 

When silica is present, even in the proportion of only half a 
grain per gallon, the action on lead is said to be very slight. There 
must be no excess of alkaliin the water, or this inhibitive action 
of silica is not displayed. By passing distilled water and other 
soft waters known to have a corrosive action on lead through a filter 
formed of layers of sand, broken flints, and pieces of limestone, 
enough silica is taken up to reduce the lead corrosive power to one- 
thirtieth. 

Recent experiment, however, seems to show that the alkaline 
carbonate, which is taken up from the limestone, may be an even 
more important factor than the silica. The waters of Huddersfield 
and Sheffield which havea considerable effect on new lead, have 
been rendered nearly inactive by passing them through filters con- 
structed as above. 

Dr. Tipy asserted that waters which contain less than half a 

ain per gallon of dissolved silica act freely upon lead, whilst 
those which contain more than half a grain of silica per gallon 
do not—except, perhaps, under exceptional circumstances— 
dissolve lead to any appreciable or injurious degree; and he, 
together with Drs. OnLine and Crookes, have proposed to artifi- 
cially impregnate waters with silica when they contain such a defi- 
cient quantity as to render them operative. Among the many 
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substances that have been credited with increasing the solvent 
action of water upon lead are—carbonic acid; free mineral acids ; 
carbon acids, the product of the decay of vegetable matters, and 
oe heat; organic matters; nitrates and nitrites, and 
chlorides—a sufficiently extended list. Among the substances 
which have been stated, onthe other hand, to retard corrosion and 
solution are carbonic acid, carbonate of calcium, sulphate of 
calcium, phosphates, and silica, or rather dissolved silicic acid 
{Opiinc, Crooxrs. and Tipy). They advise that such deficiently 
silicated waters should be run over broken flints or a mixture of 
flints and chalk, or limestone, and it has been asserted that the 
flints are obviously dissolved during the process. 


1742.—Under what conditions does chronic lead-poisoning arise, 
and what are its symptoms ” 


This form of poisoning generally occurs among painters, manu- 
facturers of white lead, pewterers, printers, and others. The early 
symptoms are those of ordinary colic, only more severe. The 
patient generally complains, in the first instance, of feeling unwell, 
and of general debility. He then suffers from pain of a twisting 
grinding nature, felt in the region of the navel. The bowels are 
obstinately confined. The appetite becomes capricious, and may 
be entirely lost. The ‘mouth is parched, the breath fcetid, the 
countenance sallow, the skin dry, and general emaciation sets in. 
A nasty sweetish metallic taste inthe month is present in most 
cases. Not infrequently the subjects of lead-poisoning experience 
a@ peculiar form of paralysis of the upper extremities, well known as 
‘dropped hand.’ It appears that this condition is the result of paralysis 
of the extensor muscles of the wrist. ‘The muscles undergo a form 
of fatty degeneration. The leud appears to act primarily on the 
muscles, then on the nerves, and lastly on the nerve centres. One 
other symptom of importance has yet to be noticed. The gums. at 
their margins where they join the teeth, present a well-marked blue 
line, absent where a tooth has been removed. This is not present in 
all cases, but it should be looked for. 


1743.—Discuss in general terms the questions connected with lead- 
poisoning. 

Lead-poisoning undermines the health before the subject is 
aware of it. The proportion of Jead in solution that would be 
injurious varies with the susceptibility cf the individual. Water 
with as little as ,4,th part of a grain of oxide of lead per gallon 
is said to have produced lead paralysis : whereas it is gener- 
ally considered not hurtful until it contains 2th of a grain per 
gallon. Some have held that from 5th to ths of a grain per 
gallon may be present before water is injurious to health, if used 
as a beverage; but this is a fatal mistake. 


_It is generally believed that soft waters rapidly attack lead 
while hard waters do not., This is by no means universally true. 
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Some of the softest waters have no such property. When this effect 
is produced, it apres: to be due chiefly to the abundance of 
oxygen that has been absorbed in passing as rain through the 
air. Rain water freshly fallen, rapidly dissolves lead; but it may 
lose its activity by flowing fora considerable distance in an open 
channel, and taking up carbonic acid to a degree which ma 
render it innocuous. HKxcess of carbonic acid in water materi- 
ally aids its solvent power on lead. In manufacturing districts, 
rain water is liable to be polluted with sulphurous acids, which 
act violently upon leaden cisterns. In the country upland waters 
are apt to be charged with humic or other acids which act power- 
fully on lead. Oxygen, nitrous and nitric acids, all chlorides, and 
quicklime, also form soluble poisons with lead. Nitrate of am- 
monia is said to be peculiarly active when it comes into contact 
with this metal: and all these matters are apt to be present in soft 
waters. 


1744 —In what form is white lead used? What are its charac- 
ters? What form of poisoning does it produce ? 


White Lead, Carbonate of Lead, Ceruse or Kremser White, is 
used asa pigment. Itis generally in the form of whnte, heavy, 
chalky masses insoluble in water, and, when taken in large doses, 
poisonous. Itis this substance which, in the majority of cases, 
causes chronic lead-poisoning, or pwinter’s colic. 

The chloride and nitrate, the oxides, litharge and ved lead, are 
all poisonous; but the sulphate, dub probably to its insolubility, 
appears to be inert. 


1745.— What substitutes for ordinary lead pipes are now available ¢ 


There arc many of these now accessible, and where there 
is any tendency to solvent action, one or other of these should 
be adopted. Compound pipes have long been in use, the interior 
of which is block tin and the exterior lead; the two metals are 
solidly united throughout, and the pipe can be bent without frac- 
turing the tin. A less reliable protective lining to lead pipes may 
be found in tar, bitumen, or lead sulphide. Iron pipes are more 
satisfactory in every respect, except their rigidity, which renders 
them difficult to adapt to the bends and turns which are needed in 
houses. Plain iron pipes may be employed, with some risk of 
trouble from rusting. Glawetined or galvanised iron pipes are 
often used, and among other protective coatings may be mentioned 
Angus Smith’s varnish. Theoretically, the rustless Barff iron 
offers the greatest advantages for this purpose; iron pipes of 
ordinary construction are exposed while hot to superheated steam, 
and thereby acquire a thin coating of magnetic oxide, Fe,O,, 
which renders them free from liability to rust as long as the 
coating is broken.* 
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1746.— What are the chief symptoms of lead-poisoning f 


Among the symptoms caused by lead-poisoning are dyspepsia, 
constipation, colic, paralysis of the extensor muscles of the hand | 
leading to wrist-drop. A characteristic blue line appears along the- 
edges of the gums, das to the formation of sulphide of lead in the 
tissue. It has been observed that abortion is common in districts. 
where lead-poisoning prevails, and sometimes to such a degree as 
to materially lower the birth-rate. 


1747.—IWhai are symptoms of chronic lead-poisoning ? 


(a.) his form of poisoning generally occurs among painters,. 
manufacturers of white lead, pewterers, and others. The early 
symptoms are those of ordinary colic, only more severe. The 
patient generally complains, in the first instance, of feeling unwell, 
and of general debility. Hethen suffers from pain of a twisting, 
grinding nature, felt in the region of the paeel: The bowels are 
obstinately confined. The appetite becomes capricious, and may 
be entirely lost. The mouth is parched, the breath fuetid, the 
countenance sallow, the skin dry, and general emaciation sets in. 
A nasty sweetish metallic taste in the mouth is present in most 
cases. Not unfrequently the subjects of lead poisoning experience 
a peculiar form of paralysis of the upper extremities, well known. 
as “dropped-hand.” ‘It appears that this condition is the result of 
paralysis of the extensor muscles of the wrist. The muscles 
undergo a form of fatty degeneration. The lead appears to act 
primarily on the muscles, then on the nerves, and lastly on the 
nerve centres. The gums, at their margins where they join the teeth, 

resent a well-marked blue line wbsent where « tooth has been removed. 
his is not present in all cases, but it should be looked for. 

(b.) Chronic lead-poisoning, seen in type-setters, type-found- 
ers, painters, potters, and others. General symptoms: Lead 
line on the gums, lead anwmia, and lead cachexia. Important 
groups of symptoms are lead colic; violent colicky pains, 
radiating from the umbilicus, usually constipation, exceptionally 
diarrhea, abdomen concave and hard; vomiting; hard slow 
pulse. Temperature usually normal. Urine sometimes contains & 
trace of albumen, duration one or two weeks. 

With regard to the ‘minor effects of lead-poisoning Dr. B. W. 
Ricnarpson remarks that “eontamination of water, both hard and 
soft, impure and pure, by lead, is, in all parts of the kingdom. 
and under every variety of circumstances, the cause or source of 
various obscure diseases of man (and also doubtless, of the lower 
animals), of the nature of dyspepsia and colic especially. 


1748.—What are the various ways in which lead-poisoning may- 
be produced ? 
Lead-poisoning may result from— 
(a.) Constant contact with lead and its salts in manufactories. 
(b.) Its use in the arts and as a pigment. The injurious. 
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effects of this substance are strikingly seen among painters, the 
makers of glazed cards, and the workmen eaaaped In preparin 
Brussels Jace—this material being whitened by beating white le 
into it. All thus employed are liable to suffer more or less from 
chronic lead-poisoning. 


(c.) Its application to the surface of the body in the form of 
ointment, plasters, cosmetics, and hair-dyes. : 


(d.) Drinking water impregnated with lead, from being stored 
in leaden cisterns or conveyed in leaden pipes. 


“The action of water upon lead is much modified by the 
presence of saline substances. It is increased by chlorides and 
nitrates, and diminished by carbonates, sulphates, and phosphates, 
and especially by carbonate of lime, which, held in solution by 
excess of carbonic acid, is a frequent ingredient of spring and 
river water. But water highly charged with carbonic acid may 
become dangerously impregnated with lead, in the absence of any 
protecting salt, in consequence of its solvent power over carbonate 
of lead. In general, water which is not discoloured by sulphuretted 
hydrogen may be considered as free from lead; but there are few 
waters which have passed through leaden pipes, or have been 
retained in leaden cisterns, in whicha minute analysis will not 
detect a trace of the metal ; and were it not for the great conveni- 
ence of lead, iron pipes and slate cisterns would, from a sanitary point 
of view, be in all cases preferable. Another case of contamination 
by lead may arise from electric action, as where iron, copper, or tin 
is in contact with or soldered into lead.” 


In his investigations with regard to the Devonshire colic, 
which formerly prevailed to a great extent, Sir Grorcrk BAKER 
found that eighteen bottles of cider which he examined contained 
44 grains of lead, or a quarter of a grain to each bottle. The 
impregnation arose from lead being employed in the construc- 
tion of the cider troughs. 


Lead-poisoning has happened as a result of the drinking of 
acid wines (especially home-made) which have taken up lead from 
the vessels in which they have been made. 


In the case of the ex-Royal family of France, many of whom 
suffored when at Claremont from this species of water contamina- 
tion, the amount did not exceed one grain per gallon ; indeed, from 
cases which have since occurred, it seems probable that the habi- 
tual use of water containing from one-tenth to one-twentieth of a 
grain per gallon may be attended with danger. 


At several important towns, notably Huddersfield, Bradford 
and Sheffield, great complaints have been made quite recently, 
respecting the numerous cases of lead-poisoning that have occurred 
attributable to the action of peaty water upon lead, and the Local 
Government Board has been urged to take action in the matter. 
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1749.— What measures may be adopted to prevent the action of 
certain waters on lead pipes ? 


1. The evil effects of the employment of leaden pipes and 
water cisterns may be remedied by converting the inner surface of 
the metal into an insoluble sulphide by boiling in it a solution of 
sulphur with soda. 

Carbonic acid, when dissolved in water, is a complete pro- 
tection against lead-poisoning. Two volumes ot carbonic acid, dis- 
solved in 100 volumes of water, completely protect even distilled 
waterfrom such contamination, 

3. To remove lead from water, Professor Farapay recommends 
the practice of stirring up animal charcoul with water so contami- 
nated ; the same being then allowed to settle. 


1750.—State briefly the leading points connected with the presence 
of lend in water-supplies. 


Some hard waters, whose hardness is due to chlorides or 
nitrates, dissolve lead with more rapidity than soft water ; but if the 
hardness be due only to the earthy carbonates, the lead becomes 
coated instead of being dissolved. The salts of lime, too, render the 
water nearly harmless in this respect. 

It has been stated that waters which are able to affect iron in 
the most decided manner are also those which are able to affect lead. 

Even when soft waters do attack lead, they usually do so only 
while the surface is clean and bright. Sosoun as the metal becomes 
tarnished (which it does in a few weeks), the pipes are protected, 
and the action greatly reduced or entirely suspended. 

The action of water on leaden pipes is increased by allowing it 
to stand for several hours, and then drawing it off. 

Leaden pipes corrode more rapidly at the bends than at other 
Aces. 
F Tinning leaden pipes partially prevents them from being eaten 
away by water : but leaden pipes, lined with block tin, are the best 
for this purpose. 
rae is by some regarded as almost or quite as dangerous as 
lea 


The water in the boilers of kitchen ranges is sometimes 
oisoned by the presence in them of lumps of red lead, carelessly 
eft by workmen when putting the iron-work together. 


1751.— What is the test for iron in water 7? 


Red and yellow prussiates of potash give a blae precipitate. The 
red prussiate is used for ferrous, and the yellow for ferric salts. 


1762.— What ts the test for iron in water most commonly used ? 


A mixture of ferro and ferrocyanide of potash strikes a blue 
colour. 


1753.— How may we estimate the amount of iron present ? 
By comparing the blue colour produced in the natural water 
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with that produced in pure water containing a known amount of 
iron. Keep the tubes in the dark for 12 hours or so, to prevent the 
blue precipitate from falling to the bottom. 


1754.— How may we distinguish by chemical tests between iron, 
lead, and copper ? 


In a glass with the water put a little iron compound ; add 
NH,S,. This gives a black precipitate. Butweget a black or 
brown precipitate with lead or copper also. Now if we add to the 
coloured solutions an excess of HCl, in the lead solution no 
change occurs if iron is present, the sulphide of iron disappears 
completely. 

Between lead and copper the process is a long one In lead 
water, we add chromate of potash, a chrome-yellow precipitate 
occurs. 

By addition of KI solution we get yellow iodide of lead 
which is soluble onheat and recrystallises, on cooling in milky crys- 
tals. 

Copper compounds are injurious when habitually ingested, and 
hence waters containing this metal ought to be rejected. 


1755.— What reagent is required for the colorimetric test of iron ? 


Dissolve 1 gramme of pure iron wire innitro-hydrochloric acid ; 
precipitate the ferric oxide with ammonia; wash the precipitate ; 
dissolve in a little hydrochloric acid, and dilute to 1 litre. 

C.C. = 1 milligramme of iron. 
This is thestrong solution. 
For use it isdiluted 1 to 100. so that 
1 C.C, = 0°010 milligramme of metallic iron. 
1 C.C. = 0°027 ‘5 of iron phosphate* 
1756.—Give an example as to the method of calculating the 
amount of iron in water. 

Suppose 500 C.C. of a water was oxidised with permanganate and 
made up to) litre, Of this 50 C.C. gave as much blue colour with 
ferrocyanide as 0°5 C.C. of the standard iron solution with 50 C.C. 
of distilled water. Then 00 x 011 X 20=1 milligramme is the 
quantity of iron in 000 C.C. of the water under examination ; and 
1 x ‘2 = 0°2 is the iron per 100,000 parts ; and 1 xX 0:14 = 0°14 is the 
grains of iron per gallon.- 

In operating upon chalybeate waters greater dilution is neces- 
sary; but the results are sufficiently accurate for all ordinury 
purposes. 

1787.— What are the properties of chalybeate waters ? 

Waters containing iron salts are nauseons, stain linen, and are 
unfitted for drinking and washing purposes. All vatural waters, 
perhaps, contain some small trace of iron compounds, but not suffi- 
cient to communicate a perceptible flavour to the water. 
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It-is an ingredient in many natural waters, to which it gives 
a characteristic inky (chalybeate) taste. It is also frequently de- 
rived from iron tanks or pipes through which the water tas passed. 
Water is unsuitable for ning if it contains more than one 
grain of iron per gallon—that is, 15 parts per million. Ferrugi- 
nous waters are said to be liable to cause dyspepsia, headache, and 
malaise in those unaccustomed to their use. Iron adds to the 
hardness of water. 

Chalybeate waters should, if better water is procurable, be 
rejected as unfitted for domestic supplies. 

1758.— What metals have been particularly investigated in their 
relation to water ? 

Of the metallic ingredients, the effects of iron and lead have 
been the most fully ascertained. It would appear that iron if 
present in quantities large enough toimpart a chalybeate taste to 
the water, otten produces headache, slight dyspepsia, and general 
malaise, while impregnation with lead from leaden cisterns or 
‘pipes has frequently been followed by symptoms of lead-poisoning. 

1759.— What amount of iron gives a chalybeate and astringent taste 
to water ? 

About 3rd of a grain. 

1760.—Jn what way does zine get intd drinking waters ? 

Sometimes from galvanised ircn vessels. A thin layer of zinc 
coats the iron. Water containing nitrates, etc., soon attacks the 
zinc and corrodes the iron. 

1761.— What is the ordinary teat for zine ? 

H,S solution gives a white precipitate of zinc sulphide. 

Neutralise the filtrate from the processs for the detection 
of copper, andadd ammonium acetate. A white precipitate indi- 
cates zinc as zinc sulphide. The precipitate is soluble in HC}, 
HNO,, H,S80,. 

1762.— What te the teat for copper ? 

Copper, like lead, strikes a brown or black colour with ammonia 
sulphide not discharged by acid. | 

1763.—How may copper in water be estimated quantitativély ? 

It may be determined quantitatively by a colorimetric process 
similar to that for iron or lead, the standard solution containin 
1 milligramme of eae ie in each C.C. being made by dissolving 3° 
gramne of crystallised cupric sulphate in a litre of distilled water. 

1764.— What are the other tests for copper ? 

1. We must use its separate tests if we are to test differentially 
1ts solution with a littlesolution NH, gives a beautiful blue colour, or 

2. Yellow prussiate of potash solution gives a chocolate colour. 
These are not important tests, for if we are certain that a definite 
quantity of any heavy metal is present we condemn the water. 
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These tests may be conducted accurately in one process as 
follows :—Concentrate the water to a small bulk, acidify with 
nitric acid and pass hydrogen sulphide, and filter. Dry and 
incinerate precipitate, and then add dilute sulphuric acid. blue 
colour with ammonia, or a brown colour with potassium ferro- 
cyanide, indicates copper. : 


1765.— What is the ordinary qualitutive test for ursenic / 


Concentrate the water, acidify with HC] and boil with pure cop- 
per foil. If a deposit occurs remove copper foil, wash with pure 
water, and heat in a reduction tube. Examine the sublimate 
with a lens or under a microscope. 


1766 — What quantities of arsenic or copper would be enough to 
condemt the water ? 


‘The merest trace of either of theseelements should cause the 
water to be absolutely condemned. 


1767.— Where ure arsenic and copper likely to be found in 


waters ? 


Only in places in which chemical industries forin the sources 
of contamination, or where the water passes through strata con- 


taining the ores of these elements. 
1768.— What wre the effects of chromium salts in water ” 


Chromium salts, especially chromates, act as virulent poisons, 
even when taken in small quantities. ‘These compounds are but 
rarely met with in waters, and exclusively m mining districts. 


1769.— flow may metallic-poisoning from the water of uater-sup- 
plies be caused 7 ; 


By pollution of drinking water with refuse from trades and 
drainage from metalliferous mines, or from absorption by water of 
the metals used in the construction of distributing pipes, tanks, 
and cisterns. The amounts of mercury, copper. zinc, or arsenic, 
which must be present in the water to give rise to symptoms 
of poisoning have not been ascertained; as regards lead as little 
as ~yth grain per gallon may produce ary in predisposed 
persons. In the case of the poisoning of Louis Philipp’s family at 
Claremount, ;7;th grain of lead was found in each gallon of water. 


1770.— What is the relation of organic pollution to the metallic 
impregnation to water ? 


Occasionally animal organic matter acts inan indirect way by 
producing nitrites and nitrates which act on metals. 

Dr. Bapexer, a physician in Welldon, was called to some eases 
of sickness produced apparently by water. On examining this 
point he found the water was drawn from a pump with a copper 
cylinder, and contained a considerable quantity of copper, which 
seemed to be in combination with some organic matter. Dead (as 
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might have been anticipated) was also largely present in this water 
as leaden pumps were used ; iron, on the contrary, was not dissolved. 


1771.— What is a simple test for the presence or absence or injurious 
metals in water ? 


The water should yield no colouration, or only the faintest tint 
of colour, on the addition of tincture of galls (absence of excess of 
iron), and it should not darken onthe addition of a drop of sul- 

hide of ammonium followed by a drop or two of strong hydro- 
chloric acid (absence of lead and copper). 


1772.—Ise the presence of metals in the subterranean strata an im- 
portant item of information in deciding as to whether a 
particular water is suitable for town supply ? 


The water of mountainous districts, especially where metals 
abound, as in Cumberland and Derbyshire, should be very carefully 
searched for metals. ln deciding upon the water-supply to a town, 
the question of the possible presence of poisonous metal» assumes 
great importance, since itis by no means certain that filtration is 
capable of removing such impurities, 

Tt is only necessary to mention the fact of metals passing into 
the drinking water, eithar by trade refuse being poured into streams, 
or by the water dissolving the metal as it flows through pipes or 
over metallic surfaces. 

1773.— When ts arsenic, copper, or mercury found in drink- 
ing waters in injurious quantities ? 

When streams are polluted by the washings from mines or 
chemical works. 

Zinc, copper, and arsenic, although rarely occurring in natural 
waters, may occasionally gain access by means of trade pollution, 
or by the solvent action of water (especially water containing 
organic matter, nitrites, and nitrates) upon the pipes and vessels 
with which it comes into contact. 

17'74.— Does the presence of zinc, or copper, or arsenie militate 
materially against the usability of a water ? 

Yes. Any trace of any one of these substances renders a water 
unfit for drinking purposes. 

1775.— What is the influence of bariwm compounds in minute 
quantities 7 ; 

The effects of barium salts taken continuously in small quanti- 
ties is but little known, and of little practical interest to the 
sanitarian. 

1776.—Ie the presence of metalein a water-supply of importance ? 


In this respect metallic contamination forms the most fatal of 
all objections to drinking water, and is far more difficult to remedy 
than organic contamination, which may be got rid of completely by 
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proper filtration. London has, perhaps, had a most fortunate 
escape in the collapse of the great scheme for bringing water to it 
from the lake district of Cumberland. 

Metallic-poisoning may be caused by pollution of drinking 
water with refuse from trades, and drainage from metalliferous 
mines, or from atsorption by water of the metals used in the con- 
struction of distributing pipes, tanks, and cisterns. The amounts 
of mercury, copper, zinc, or arsenic, Which must be present in the 
water to give rise to symptoms of poisoning, have not been ascer-’ 
tained ; as regards lead, as little as ,),th grgin per gallon may pro- 
duce plumbism in predisposed persons. 


1777.— What refuse is particularly noxious ? 


The refuse from the operations on lead, zinc, copper, arsenic, 
tin, and baryta mines. In thesethe wateris poisoned at once. 

Pure water should contain no heary metal, although a trace of 
iron may be found sometimes. In some cases iron seems beneficial, 
as it helps to oxidise the organic matter. The presence of any other 
heavy metal ought to condemn the water. 


CHAPTER XXI. 
EXAMINATION OF WaTER—coitiinwed. 


Sotips IN WATER. 


1778.—Whet are the points to beconstdered in connection with 
the quantity of solids in water ? , 


No drinking water should contain an excess of solids, especially 
when these solids consist of lime and magnesium salts. Eight 
grains to the gallon isthe limit in a first class water, and one 
grain of this alone should be dissipated on heating. Should the 
solids consist chiefly of chalk, not more than 14 grains should 
be present. Some authoritics, however, permit of # much larger 
amount of solids when they are purely of a mineral nature. 


1779.—How ure the dissolved solids of water determined ? 


The solids are determined by evaporation. If very good scales 
are available, 200 C.C. of the water are sufficient, if the scales are 
inferior, 500 or 1000 C. C. of the water must be taken ; then evapo- 
rate to dryness witha moderate heat, taking care that the water 
does not boil, else there may be loss from spurting. If the smaller 
quantity be taken, the whole evaporation may be conducted in one 
vessel] (of platinum if possible) ; butif the larger amount must be 
used, the evaporation should be commenced in a large evaporatin 
dish, and the concentrated water and deposit, if any, transferre 
into a small weighed crucible. The transference demands great care, 
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so that none of the solids shall remain encrusted in the evaporating 
dish. All the contents of the large dish being transferred, evapo- 
rate to complete dryness in an air, water, or steam bath, at 212° 
Fahr. (100° C.). Weigh as soon as the capsule is cold, as the dried 
mass may be hygroscopic.* [If possible the water should be clear 
by allowing any contained solids to subside and not by filtration. 
If the residue in the evaporating dish blackens when it is in- 
einerated over a flame, the pence of organic impurities is indi- 
‘cated, and should a bad smell be given off at the same time, it may 
be inferred, that someaf these impurities are of animal origin. 
Another test is that of holding a piece of filtering paper which 
has been ce in a solution of potassium iodide and starch 
and afterwards dried over the dish during incineration, if this 
. becomes blue, it shows that nitrous acid fumes are being given 
off which almost always arise from animal, and not from vegetable 
matter. According to Dr. Parkzs the total solids in good water 
should not exceed 8 grains per gallon, unless it be a chalk water in 
which case they should not exceed 14 grains of calcium carbonate. 
Usable waters may, however, contain as much as 30 grains. The 
organic matter should scarcely blacken on incineration. or, if the 
blackening is considerable, it should be ascertained to be chiefly 
due to the presence of vegetable matter. ] 


1780.—How do you estimule the totul residue or “total dissolved 
solids ”’? 


By carefully evaporating a pint (20 ounces) of the water to 
dryness, and then heating for some time at 150° C., until the residue 
ceases to lose weight: this=the amount of the “ total dissolved 


solids.” 
1781.— What ia to be done neat ” 
Heat the above to redness for a few seconds, and weigh again. 


1782.— What does this give you ? 
The loss of weight 1s=the amount of “volatile residue.” 


1783.—Of whut does it consist ? 


Destructible organic matters, nitrites, ammoniacal salts and 
sometimes chloridex. 


1784.— How are the fixed solids determined ? 


Incinerate the dried solids at as low a heat as possible ; watch 
the process, and note if there be much blackening, orif any fumes 
can be seen, or any smell be perceived as of burnt horn. A piece 
of filtering paper dipped in solution of potassium iodide and starch, 
and then dried, or a piece of ozone paper, should be held over the 
crucible to detect any nitric oxide which may be given off.* 


eee 


* Parkes’ Practical Hygiene, 7th Ed. : 
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1785.—How are the results of the quantitative examination of 
solids expressed ? 

The results may be expressed in various ways, but most 
usually they are stated as parts in 100,000 (which is, of course, 
equal to centigrammes per litre), or grains per gallon (1.e., parts 
in 70,000). 

I'786.—Give an example. 


Total solids. —200 C.C. dried :— 


Weight of dish and residue. : : 19°27 grammes. 
se of dish alone : ; ; ; 19°23 55 
Difference ; 0°04 


being weight in gramme of total solids in 200 C.C. of water. | 
To bring to centigrammes per litre, or parts per 100,000 : 
0-04 x 500=20=centigrammes per litre, or parts per 100,000. 
To bring to grains per gallon : 
20 x 0'7=14-0 grains per gallon.* 


1787.— How ie the amount of the volatile solids obtained ? 
By subtracting the fixed solids from the total solids. 


1788.—Give an example of this ? 








Parts per 100,000. Grains per gallon. 
Total solids = 20 0 14-0 
Fixed __,, = 150 10°5 
Difference, being volatile solids, 5°0 a) 


1789 .—ITow «ure the fixed solids estimated ? 


The dried total solids having been weighed are incinerated 
and then weighed again, this result gives the fixed solids. 

(If, as sometimes happens, the “ total solid residue ” consists of 
deliquescent salts, the residue must be weighed at once after 
evaporation. | 


1790.—Give acomplete example as to how we determine the amount 
of solids in water und how the amount is expressed ¢ 


The solids are expressed as 


(a) Total. 
(6) Fixed. 
(c) Volatile. : 
The fotal solids are got by boiling down 250 C.C. to a small quan- 
tity to be poured into a weighed clean porcelain crucible, and then 
evaporated over a hot air or sand bath The dried residue in the 
‘crucible is the total amount of solid matter. 











* From Parkes’ Practical Hygiene, 7th Ed. 
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Suppose the 250 C.C. of water when completely evaporated 
weighed with the capsule 
16°49 grammes, and the capsule alone weighed 
16°44 ss ; 





"05, the difference=the total solids in 250 C.C. of water 
or ‘05x4='2 grammes per litre by moving the decimal point two 
places to the right(=20°0) we get centigrammes. 

(b) Fived solids.—Incinerate the solid residue of total solids 
contained in the capsule, and weigh the latter with its incinerated 
contents once more ; the weight, minus that of the capsule, represents 
the fized solids in 250 C.C. of water, whichx4 gives amount per 
litre, and this divided by 100 gives centigrammes pcr litre or parts 
per 100,000; this latter result x*?=grains per gallon. Suppose 
weight of capsule plus incinerated ash= 16°46 grammes 

Weight ofcrucible alone = 16°44 

Difference "02 
The difference ‘02 is fixed solids in 250 C.C. of water; (02x 4='08 
grammes per litre, or ‘8 grammes per 100,000 parts. 

We therefore use the divisor 2, because it comes to the same 
thing as multiplying by 20, and 25, and subsequently dividing 

y 10. 
Volatile solida=total solids minus the fixed solids. In the 
case above mentioned. 
Total solids = U5 
Fixed __,, = “OE 
Difference ‘03 x 4='12=Volatile solids. 


1791 .— What ts the limit of “ total solids” in a first cluss water ? 
Fight grains. 

1792.— How much of this should be volatilised by heat ? 
Not more than 1°65 grains. 

1793 .— Is this of mach importance ” 


At the present day it is not considered to be of much signi- 
ficance because it does not indicate the nature of the organic 
matter or volatile bodies dissipated. At one time it was reckoned 
an important part of water analysis. 

1794.— Does this limit of total solids hold good for chalk waters ? 


No; but even in these not more than 14 grains should be con- 
tained in a gallon. The gencral opinion is here given. Some 
authorities hold that as much as 40 grains of calcium carbonate 
may be contained in water without injury to health. 


1795.— When is the result given by the loss on ignition valueless ? 


- The “loss on ignition” or the so-called “organic and volatile 
matter” is of no value whatever inthe case of well water or of other 
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waters giving @ considerable amount of solid residue; this is 
especially the case when there isa large proportion of chlorides 
and nitrates. 

[The loss onignition may be stated as “ volatile substances.” 
It consists of destructible organic matters, nitrates, nitrites, am- 
moniacal salts, combined water, combined carbonic acid, and some- 
times chlorides. The variableness of the composition of the 
“volatile substances’ has led to the disuse of the process by 
ignition as too uncertain. Combined with other evidence it gives, 
however, some useful indications. The incinerated solids may be 
examined for silica and iron. | 


1796.—In heating the total solids how may we judge of the nature 
and amount of organic matter ? 


1. By the smell—that of burnt feathers points to animal 
organic matters; that of burnt bread shows the presence of vege- 
table organic matters. 


2. The extent of charring produced ; organic matters invariabl 
blacken when heated: thus 2to 4 grains per gallon causes a blackis 
hue in dish; 5 to 8 grains gives a distinct blackening, and 9 to 12 
grains gives a very decided black colour. 


[We may detect nitrous acid from nitrites by means of ozone 
aper, or paper impregnated with K1, and starch solution; this 
is moistened and held over fumes arising from the crucible. ] 


WANKLYN remarks that if the solid residue does not exceed 30 
or 40 grains per gallon the amount of solids affords no reasons for 
rejecting the water for domestic use.* 


1797.—Show by another erumple and figures how the amount of 
solids dissolved in water ts ascertained ? 


DIssoLvED SoLips— 


Weight of clean crucible == 16°92 grammess 
e of crucible after evaporation = 16 99 ar 
ee ‘ incineration = 16 97 - 
(a) Total Solids = OF x 4 xk 100) = 28 parts per 100,000 ; 
or (28 xX °7), 196 grains per gallon. 
(b) Volatile oolids = ‘02 x 4 x 100 = 8 parts per 100,000 or 
o'6 graius per gallon. 
(c) Fixed Solids = 20 parts per 100,000 parts or 14 grains per 
gallon 


1798.— Does the amount of total solids in water vary ? 


Yes, they vary within very wide limits, some containing only a 
few grains, others such as selenitic andsome sandstone waters con- 
taining as much as 250 parts per 100,000. 


* Water Analysis, 7th Ed., p. 22. 
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1799.— Name some waters containing a very small amount of 
total solids ? 


# 


Pure upland surface waters contain very little, sometimes not 
more than 38 to 4 parts per 100,000. The Loch Katrine water, sup- 
plied to Glasgow, yields only 2°4 per 100,000; Thirlmere Lake, pro- 
posed as the supply for Manchester, about the same; and Vyrnwy, 
proposed as the supply for Liverpool, 3°4 per 100,000.* 


The amount of solids even ina good drinking water is very 
yariable, and depends a good deal on the geological stratum of the 
district Dr. E. Parkes was of opinion that a good potable water 
should not contain more than 30 grains per gallon of solids, or 50 
per 100,000 Some ofthe best artesian well waters in London contain 
over 50 grains per gallon of solids, much of which is common salt, 
and the highly valued table-waters imported from the continent 
contain nearly 100 grains per gallon of mineral constituents or 140 
per 100,000. It is, indeed, rather the quality than the quantity of 
mineral matter present which is to be regarded in judging of the 
suitability of a water for domestic use. Asa rule, however, those 
waters which contain léast mineral matter are deemed most suitable 
for domestic supplies, though there is high authority for thinking 
that a certain amount of chalk in a water 1s beneficial. In one re- 
spect this is an advantage, for such waters, being slightly alkaline, 
act but little on lead, whereas the soft waters containing little solid 
matter are often acid, and act freely upon leaden pipes and cisterns, 


1800.—On an average what amownt of solids ts contained in the 
best upland surface water ? 


About 7 parts per 100,000 or 5 grains per gallon. 
1801.— What is the significance of the loss on 1gnition ? 


The loss which the dry solid matter obtained by evaporation 
of the water under examination undergoes when ignited is now-a- 
days but little regarded. When coupled with the manner 1n which 
the solids behave during the burning process, this determination is, 
however, avaluable one. The blackening, the odour, and the cbhar- 
acter as regards colour and acidaty of the fumes evolved should by 
no means be neglected, for in this way the experienced analyst 
will obtain valuable information The actual amount of loss—cor- 
rection being made for the substitution of the N,O, radical of 
nitrates by the CO, radical of carbonates during ignition—is also 
an index of quality, provided chlorides and sulphates are not very 
abundant. When these are present, the loss is increased by the 
loss of water of hydration of these zalts not expelled at the temper- 
ature at which the water residue was dried in the oven. In an 
undoubtedly good water the loss on ignition is small—l1 or 2 grains 
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perhaps per gallon—and the residue during ignition, though it 
may assume a shade of brown or grey, never really blackens or 
evolves the odour of burnt feathers. 


1802.—What is the maximum amount of solids that should be 
dissipated by heat ? 
Not more than 15 parts per 100,000 should be volatile or dis- 
sipated by red heat. Further, the solids should blacken but slightly 
on heating. 


1803.—Js there any exception to this rule ? 


Yes; in the case of peat water morc latitude as to dissipated 
solids may be allowed. 

After we have got solid residue the addition of « few drops of 
HC causes effervescence. 


1804.— What does this show ? 
This shows that they consist of carbonates. 
1805.— What ta the limit of mineral salts allowable in water ” 


In water for drinking it should not exceed 0) parts per 
million, and a good water will not contain more than 100 parts. 
[An excess of mineral salts in general leads to digestive disturb- 
ances, in the form of dyspepsia, diarrhoea, or constipation; but 
this effect is largely dependent upon the nature ot the salts 
present. | 


1806 —How may we estimate the umownt of carbonates in water ? 


By determining the alkalinites and measuring the degree of 
hardness. 


1807 .—Whut are the rurieties or classes of solid particles met with 
in suspended water 7 


Particles of mineral matter, such as sand, chalk, mica, clay, per- 
oxideof iron, dead animal and vegetable particles, or minute living 
animal and vegetable bodies. 


1808.—How may we carry out the chemical examination of the 
sediment ? 


The amount of sediment is told by taking two equal quantities 
of water (say 3 litre), evaporating one quantity to dryness at once, 
and the other after subsidence or filtration, so that suspended mat- 
ters are as far as possible separated, and then weighing the two 
residues. The difference between the two weights gives the amount 
of the sediment. Oracertain amount of water may be allowed to 
stand until all the sediment has fallen; the water is poured off, and 
the sediment dried and weighed. If good Swedish filtering paper 
is obtainable, the sediment may be obtained at once; two Kttors 
should be moistened with dilute hydrochloric acid, then washed 
with distilled water and thendried. Theamount of ash in one filter 
should then be determined by incineration; the sediment should 
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be collected on the other filter, dried, weighed, and then incinerat- 
ed. ‘The ash of the filter itself being known, the weight of the 
ignited sediment is the total weight, less the ash of thefilter. If it 
be wished to carry the analysis farther, the sediment is incinerated, 
mineral matter remains, while all animal and vegetable matter, 
whether previously inanimate or living, is destroyed. This matter 
of such various origin is generally stated under the vague terms of 
organic or volatile matter, but this gives no idea of its origin. 
Some of this so-called organic matter may have been dead, another 

ortion living. The mineral may be further dotehmined by digest- 
ing in weak hydrochloric acid by the aid of heaté the undissolved 
matters are silica and aluminum silicate; lime, iron, and magnesia 
will be dissolved, and can be tested for.* 


1809.— What are the characters of the various mineral particles 
that may be met with in water ? 


Mineral particles may be easily known; sand appears as large 
angular particles, often showing distinct conchoidal fracture ; clay 
and marl as round smooth globules unaffected by acids; carbonate 
of calcium (chalk) sometimes smooth, but often crystalline, soluble 
in acids with effervescence. Iron peroxide appears in reddish-brown 
masses of an amorphous character, it is easily dissolved in hydro- 
chloric acid, and strikes a deep blue with the ferrocyanide of potas- 
sium (yellow prussiate).* 

1810.—How are the nature and amount of mineral matter in solu- 
tion determined ? 


The nature and amount of the mineral matters, in solution, are 
determined by the soluble constituents of the various strata 
through which the water has passed, and the organic impurities dre 
regulated by the facilities for pollution, in the superficial soil and 
the completeness of purification by filtration lower down. Hence 
the water in shallow wells, especially if situated near dwellings or 
manured lands, is hable to contain much organic matter washed 
from the soil, with or without partial oxidation into nitrates or 
nitrites ; and also chlorides, which usually accompany organic impu- 
rites of sewage origin. In peaty districts the water acquires a 
brown tint due to vegetable matter. Boil the water, and pour it mito 
the long clear glass. Sand, chalk, and heavy particles of the kiyd 
will be deposited, finely-susperded sewage and vegetable matter \s 
httle affected, unless it be a chalk-water, when the deposit of wera 
carbonate may carry down the suspended matter. When the water 
18 commenciug to boil, smell it to see if there is any trace of sewage. 
Notice, also, if the ash be red (from iron). If clay has been added, 
it will be left undissolved by acids and water. If magnesium 
carbonate has been added, the ash is light and porous and bulky 
(Hassall). 
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1811.— What is the nature of the vegetable solid matters which 
may be met with in water ? 


Portions of wood, leaves, bits of the veins, parenchyma, or 
ducts are easily recognised. When vegetable tissue is more decom- 
posed nothing is seen but a dark, opaque, structureless mass. Any 
dark formless mass of this kind in water is almost certainly decay- 
ed vegetable matter. Bits of textile fabrics (cotton, linen) are not 
uncommon, and are important as indicating that the water,is con- 
taminated with house refuse. So also the cells of the potato, or 
spiral threads of cabbage and other vegetables used by man, are of 
value as indications of the same kind. Spiral cells are very 
indestructible, and are often found in river water to which sewage 
gains access. Carbonaccous masses also occur, either portions of 
soot from coal smoke, or bits of charred wood. 

Dead vegetable matter, such as woody film and portion of 
leaves and decaying vegetable matter consisting of confervoid growth 
may all befound in water which cannot be pronounced unwhole- 
some. So also may diatomace, infusoria, and entomostracan. 

Water collected from a peaty soil will contain large quantities 
of vegetable matter, while that from a soil well cultivated will be 
tainted with animal impurities. 


1812.—Are suspended matters injurious 7 


As arule they are practically harmless; but their presence is 
important as giving evidence as to the source whence pollution 
arises. Forthe most part suspended matters can scarcely be 
deemed injurious, but some of them, cotton fibres for example, 
may supply important evidence of pollution by household waste, 
or even sewage. 


1813.— What is the nature of the animal particles met with in 
water ? 


Animals, or portions, such as scales from the wings of moths 
and butterflies ; portions of the wings of insects; legs of spiders, bits 
of spiders’ webs, and similar objects, are not uncommon; but some- 
times even living animals of some size, apparently rhizopods and 
amoebiform bodies are met with. 


1814.—How may we determine the nature of the suspended, 
matters in water 7 


Pour some of the water into a long glass as already described, 
and observe its appearance. Suspended sand or clay gives a yellow 
or yellow-white turbidity , vegetable humus and peat give a darkish, 
sewage gives a light brown colour; but the colour or turbidity alone 
is a very insufficient test Then boil the water, and pour it back 

‘into the long glass. Sand, chilk, and heavy particles of the kind 
will be deposited ; finely suspended sewage and vegetable matter is 
little’ affected, unless it be a chalk water, when the deposit of 
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calcium carbonate may carry down the suspended matter. When 
the water is commencing to boil, smell it to see if there is any trace 
of sewage.* 


1815.—Which of the various sources of water is chemically the 
purest as regards total solids ? 


Of the various kinds of water used for dietetic and domestic 
purposes, rain water, when collected at a distance from towns upon 
specially cleansed surfaces, and kept in clean receptacles, contains 
the smallest proportion of total solid impurity; but the organic con: 
tamination, even of such specially collected water, somewhat exceeds 
that of water from springs and deep wells. 


1816.—Give a rough method for estimating the amount of suspend- 
ed matter in water ? 


Pass a known quantity of water through a filter paper previ- 
ously washed in distilled water. The increase in the weight of the 
filter paper gives the quantity of total suspended matter in the 
known volume of the water. Burn the paper, and weigh the ash; 
then burn an unused filter paper previously ascertained to be pre- 
cisely similar to that used, and also weigh its ash; the quantity of 
ash in excess of that contained in the unused filter gives the amount 
of suspended inorganic matter in the water. 


CHAPTER XXII. 
EXAMINATION OF WATER—rontinued. 


AMMONIA AND ALBUMINOID AMMONIA. 


1817 .—JIn what forms does nitrogenous matter appear in water ? 


1, As free nitrogen. 

2. Incombination with oxygen as nitrites and nitrates. 

3. In combination with hydrogen as ammonia (NH,). 

4, Incombination with CO and H in other organic forms 
of which albumen is taken as the type, and hence called albuminoid 
ammonia. 


Nitrogen under one or other of the above forms is found in 
small quantities in all waters. Some of the chalk waters invari- 
ably contain nitrates and nitrites, probably due to fossil organic 
remains. The sources whence the nitrogen in water is derived 
vary. Rain water, especially when collected near towns, invariably 
contains small quantities of nitrogen in the form of ammonia, 
dissolved during the passage of the rain through the air. 
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The sources of nitrogenous organic impurities are chiefly of 

anima! origin, due to infiltration from cesspools and churehyards. 
1818.— What are the sources of nitrogenous substances or com- 
pounds vn water ° 

1. Decay or decomposition of animal and vegetavle remains 
in the water. 

2. Infiltration of sewage. 

3. Sewers discharged into the water. 

4. Animal and vegetable matter brought down by drains, 
ditches and streamlets, or dissolved out of the earth by rain water 
in its passage to the tank or river. 

By washing of clothes and bodies, and the refuse of 
manufactories on the river bank. 

6. By animal excreta, and independent sewers. 

1819.— What are included under the term “organic matter” in 
water ? 

1. Nitrogenous and organic matter. 


2. Oxidizable organic matter which are chiefly non-nitrogenous. 


1820.—Give a table of bodies to be sought for and information to be 
elicited in the quantitative tests for the determination of 

organ matter and their products. 

The analysis may be considered under two heads.— 
(A.) ‘he determination of nitrogenous organic matters and 
their products, 

(B.) The determination of oxidisable orgaiic matter, pro- 

'  bably chiefly non-nitrogenous. 


(A) Includes— 


(a) The determination of the free. saline or com- 
bined ammonia. 


(b) ss of the solid albuminoid 
ammonia. 

(c) ‘ of the nitric acid, existing 
as nitrates. 

(d) 6 of the nitrous acid exist- 


ing as nitrates, 
(B) Includes— 
(c) The determination of the oxidisable organic 
matter by the permanganate process. 
1821.— What methods are had recourse to to demonstrate quanti- 
tatively the amount of organic matter in water ? 
WANKLYN’S ammonia process, 
FRANKLAND’S combustion process, and 
ForRcHAMMER'S oxygen process. 


[None of these profess to give the total amount cof organic 
matter in water, but each fixes upon some one or more element, or 
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compound, or property, which is determined with precision and 
taken as a measure or index of the total organic matter, to which 
it is assumed to bear a coustant ratio. | 


1822.—What two distinct methods are employed in the determi- 
nation of nitrogenous organic matters in wuter ? 


1. Wanktyn’s albuminoid ammonia, and free ammonia. 
2. FRANKLAND’s organic C. and organic N. 


1823 .— How are the results expressed in figures ? 


In grains per gallon, or in parts per 100,000, or in grammes 
per litre. 


1824.— How are grammes per litre, and milligrammes per litre 
converted into grains per gallon ? 


Grammes per litre are converted into grains per gallon by 
multiplying by 70. Milligrammes per litre, if multiplied by ‘07, 
are brought into grains per gallon. Grains per gallon are con- 
verted into parts per 100,000 by dividing by ‘7; parts per 100,000 
are brought into grains per gallon by multiplying by °7. 

1825.—How may grains per gallon be converted into milligrammes 
per litre ? 


By multiplying by 14:3. 
1826.— How may grains per gullon be converted into grammes per 
litre ? 
By multiplying by °0143. 
1827 — What solutions are essentially needed for the determination 
of the free and albuminoid ammonia ? 


For this analysis we require—l. A standard solution of am- 
monium chloride, 1 C.C. of which = 0°01 of a milligramme of 
ammonia (NH,); 2. Nessler’s solution as a rcagent for the detection 
of ammonia; 3. A solution of potassium permanganate and caustic 
potash; 4. Pure distilled water. 


1828,—How are the various solutions required for the deter- 
mination of free and albuminoid ammonia prepared 7 


(a.) Ammonium Chloride Solution for Nesslerising. 


0°315 gramme of ammonium chloride in 1 litre of water. 
This is the strong solution. 
Take 100 C.C. of this solution and dilute to 1 litre. 
This is the standard solution. 
1 C.C.=001 milligramme of ammonia (NH,) or 0:0082 
mgm, of nitrogen. 


(b.) Neasler’s Solution.—Dissolve 35 grammes of potassium 
iodide in 100 C.C of distilled water. Dissolve 17 grammes of mer- 
curic chloride in 300 C.C. of distilled water; warm if necessary, and 
allow to cool. Add the mercuric solution to the iodide solution until 
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® perceptible permanent precipitate is produced. Then dilute with 
a 20 per cent. sodium hydrate solution (caustic soda) up to 1000 C.C. 
(1 litre) : add mercuric chloride solution until a permanent precipi- 
tate again forms; allow precipitate to settle, and then decant off 
the clear solution. 

(c.) Sodium Carbonate (sometimes required for free ammonia, 
but not usually needed.)—A 20 per cent. solution of recently ignited 
pure sodium carbonate. 

(d.) Alkaline Potassium Permanganute Solution (for albumi- 
noid ammonia).—Dissolve 200 grammes of potassium hydrate and 
8 grammes of pure potassium permanganate in 1100 C.C. of distilled 
water, and boil the solution rapidly till concentrated to 1000 C.C. 

(e.) Distilled Water free from Ammonia.—The S.P.A. recom- 
mend boiling ordinary distilled water with 1 per 1000 of pure ignited 
sodium carbonate. If the water is distilled with a little phosphoric 
acid (as recommended by Notter), it comes over quite free. Test 
with a little Nessler’s solution.* 


1829.—IWhat is the object of the carbonate of suda? 


To expel the free acid from any water which is acid. Asa rule 
it is not necessary to employ it. 


1830.— How is the carbonate of soda solution prepared ? 


A saturated solution of Na,CO, may be prepared by boiling an 
excess of the common carbonate with water, and about 10 C.C. of 
the solid saturated nitrate of silver solution is the proper quantity 
to use in a water analysis. [Instead of solution the recently 
dessicated solid carbonate may be employed, | 


1831.— What is meant by “free ammonia” ? 


The ammonia which is in combination with nitric, carbonic 
and other acids, or with other bodies which are readily decom- 
posed. 


1832.— What ts the test for ammonia ? 


Nessler’s solution to the water, and if ammonia is present it 
gives a yellow tint varying with the amount of ammonia present ; 
even to a brick-red precipitate. This is also a quantitative test 
for NH, . 

This precipitate is quantitative DY collecting and drying it, 
The precipitate of NH, is a distinct indication of animal decompo- 
sition, and water is therefore to be rejected. By experience we 
learn the amount of ammonia present from the degree of coloura- 
tion produced in this reaction, although for exact analysis the 
quantitative method must be employed. If the ammonia is small 
in quantity, several inches in depth of water should be looked 
through on a white ground. 
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1833.— What te meant by “ Nesslerising ”’ ? 


* Nesslerising” is a process by which the free or saline 
ammonia in a sample of water can be readily determined with great 
accuracy. 


1834.—Whvt matters are in use in the determination of nitroge- 
nous organic matters ? 


The albuminoid ammonia process of WANKYLN and the organic 
carbon and organic nitrogen processes of FRANKLAND. 


1835.— What are the principles of the WANKLYN process ¢ 


1. That most of the injurious organic matter is contained in 
the nitrogenous organic matter, and (2) when nitrogenous organic 
matter 1s heated with a slightly alkaline solution of permanganate 
of potash, it gives off a certain proportion of its nitrogen as 
ammonia. 

This is a great drawback, as the results of one process, though 
perfectly comparable in themselves, cannot be compared with the 
results of another process. There are three processes usually resorted 
to by water analysts: (a) The albuminoid ammonia processy 
(Wanktyn’s) ; (6) The permanganate process ; (c) The organic carbon 
and organic nitrogen process (FRANKLAND’S). 


1836. —Upon what principle are these last mentioned processes 
based ¢ 


None of these profess to give the total amount of organic 
matter in water, but each fixes upon some one or more element, or 
compound or property, which is determined with precision and 
taken as a measure or index of the total organic matter, to which it 
is assumed to bear a constant ratio. 


1837.—What proportion of actual nitrogenous matter does the 
ammonia evolWwed in this teal represent ? 


Only one-tenth. 
1838.— How 18 the carbonate of sodium solution prepared ? 
{t is a saturated solutionof pure sodium carbonate. 
1839.— Vhat apparatus and solutions are required for the estima- 
tion of organic matter as free and albuminoid ammonia ? 
Apporatus, etc.—Retort (about one litre) and stand, burner, con- 
denser, Nessler glasses, litre flask, measure, (25 C.C.) for permanganate 
solution, burette, pepette marked at 2 C.C. for Nessler’s solution, 
standard solution of ammonia, permanganate of potassium solution, 
sodium carbonate solution, Nessler’s solution, distilled water free 
from ammonia. 
1840.— What is the first precaution to be taken ? 


Distil some pure water and reject the first portions of the dis- 


tillate. It should be tested as to its freedom from ammonia with 
Nessler’s reagent. 
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1841.— Js the absence of free ammonia, or its presence in a very small 
amount, of importance in determining the organic purity 
of a water ? 

Free ammonia, being absent, or very small, a water should 
not be condemned unless the albumincid ammonia reaches some- 
thing hke 0°10 per million. Alvuminoid ammonia above 0°10 per 
million begins to be a very suspicious sign, and over 0°15 it 
ought tocondemn awater absolutely. The absence of chlorine, or the 
absence of more than one grain of chlorine per gallon, is a sigu that 
the organic impurity is of vegetable rather than of animal origin; 
butit would be a great mistake to allow water highly contaminated 
with vegetable matter to be taken for domestic use, 


In the albuminoid ammonia process a clean cylinder is taken, 
and into it is dropped a certain measured volume of the dilute 
standard solution of ammonia, and filled up with distilled water 
to 60 C.C. To this2 C.C of Nessler’s reageut 1s now added ; if the 
colour prodneed is the same as that of the tested distillate, then the 
test is completed ; the number of C.C. of ammonia solutions repre- 
sents the ammonia or nitrogen i the distillate. %If the two solu- 
thons are not of equal depth of colour, another standard one must 
be made up, and another comparison made until the colours are of 
the same depth Each 50 C.C of distillate atter the addition of the 
permanganate must be tested until no colour is produced, and the 
amounts must be added together , the total represents the‘ albu- 
minoid ammonia ’ 


1842. — During the boiling process when does the NH, come off ? 


About 7» per cent. of the *‘ free ammonia” is evolved in the first 
00 CLC. of the distillate. From this it follows that the whole amount 
need not be distilled, and that after the first 50 C.C. is given off, 
about one-third should be added to the result. 


1843.—Whatis the most generally employed quantitative test for 
ammonia ? 


The method of Wankiyn and CuHapman is that generally 
adopted. 


1844.— What is the use of Nessler’s reagent in water analysis ? 
It is the most perfect qualitative and quantitative test for 
ammonia known. 


The process is dependent on the use of the Nessler test in the 
estimation of ammonia, and on the fact that nitrogenous organic 
matter yields a definite quantity of its nitrogen, in the form of 
ammonia, on distillation with an alkaline solution of potassium 
permanganate. 


1845.—Is Nessler’s solution a delicate test for ammonia ? 


Yes; by it we are able to detect 1 part in 20,000,000. It is the 
most perfect test for ammonia known. 
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1846,—-What precaution ia necessary with regard to the Neasler 
solution ? 
That it be clear, or at least not turbid. This requirement is 
fulfilled if the solution is freshly made and discarded when turbidity 
arises. 


1847.—How should the Nessler solution be kept ’ 


The stock of Nessler solution should be kept in a well stoppered 
bottle from which a little is poured out from time to time as it is 


required. 
1848 .— What are the characters of Nessler’s solution ” 


Properly made the Nessler’s reagent has a shghtly yellowish tint ; 
if quite white itis certain not to be sensitive and requires further 
addition of corrosive sublimate. It shoult be tested before bein 
used. This is done by taking about 2 CC. of the solution an 
adding toitafew drops of a very weak solution of ammonia (of about 
05 milligramme of ammonia in 50 C.C. of water), and if it be in pro- 
per condition it will at once strike a yellowish-brown hue with the 


solution. 
1849.—In a quilitutive analysis when is the NIT, looked for ° 


During two periods, before and after adding the alkaline per- 
manganate solution. 


1850.— What ts the ammonia called at each of the stagcs respec- 
tively ? 
(1) Free or saline ammonia; (2) Abuminoid ammonia. 


1881.— What apparatus and solution are required for the ammonia 
process £ 
The Nessler reagent. 
Standard ammonia chloride solution. 
Solution of KMnO, and caustic potash, 
Carbonate of -soda (sometimes). 
Distilled water absolutely free from ammonia. 
Retort. 
Liebeg’s condenser. 
Lamp and retort holder. 
Glass cylinders which shall contain about 160 C.C. for Nessler’s 
test, are graduated at 100 C.C. and at 150 C.C. 
Nessler glasses. 
Half litre flask. 
Measure for solution of potassium permanganate. 
Graduated burette. 
Pi vies for Nessler’s reagent, which should be marked off at 
Bottles, etc. 
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1882.— How ia the standard ammonia chloride solution prepared ? 


Ammonium chloride ‘3146 grm., pure distilled water 1 litre. 
Each C.C. contains ‘0001 grm. of ammonia, that is one-tenth of a 
milligramme. 


1853.— What is the principle of the Nessler test for ammonia ? 


The Nessler test is based on the fact, that when a saturated 
solution of iodide of mercury in iodide of potassium, rendered 
strongly alkaline by the addition of caustic potash, is added to 
water containing ammonia, various shades of a brown colour are 
produced. By comparing these shades of colour with those pro- 
duced in standard solutions of ammonia, the amount of ammonia 
present in the sample of water under examination may be esti- 
mated. It is necessary that the ammonia solution be very dilute ; 
for, if too strong. the reagent will be either precipitated, or the 
delicate shades of colour, so necessary for the success of the test, 
destroyed by the intense dark colour produced. In testing ordinary 
water, it is necessary to concentrate the water by distillation; but 
in the case of sewage, which is always rich in that substance, pure 
distilled water, free from ammonia, must be added tothe distillate 
till the prop2r degree of dilution is obtained. 


By the Nessler test we are able to neasure the nitrogenous 
organic matter in waters by the quantity of ammonia yrelded as a 
result of the destruction of the organic matters, the delicate Nessler’s 
solution showing accurately the amount of ammonia, the destruc- 
tiou of the organic matter being effected by potassium permanga- 
nate in an enormous excess of caustic potash, the destruction being 
effected at the boiling point. 


1854.— What is the object aimed ai ti comparing the distillate 
with that of the standards of distilled water, ammonia 
chloride, aad Neasler’s solution ? 


The object is to make a solution of known strength equal in 
eolour to the unknown. The two tubes when examined should 
be placed side by side, their ends resting on a white porcelain slab 
or sheet of white paper. If they differ, another experiment must 
be made, more or less of the standard ammonia solution being 
used as judged necessary. When the shade of colour in both tubes 
is alike, the amount of ammonia present may be calculated out, 
The other three tubes may in turn be Nesslerised, and the amounts 
of ammonia found added together, but in most cases 1t will be suffi- 
cient to add a third to the amount present in the first 50 C.C, 
collected. 


1855.— How is Nessler’s solution prepared ? 


Thirty-five grms. of potassic iodide are dissolved in 100 C.C, of 
water, 17 grms. of pure mercuric chloride are boiled in 300 C.C. of 
water and then cooled. ‘he mercuric solution is added little by little, 
tothe potassium iodide, until a permanent precipitate is formed. 
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The liqnid is now made up io a litre, with a solution of sodic 
hydrate (strength, 20 per cent.). Lastly, the reagent is made more 
sensitive by the final addition of alittle more of the mercuric 
chloride solution, until a permanent precipitate begins to form. 
The solution is put on one side to deposit, and the clear lquid 
decanted for use. 


1856.— How is the quantiiatice test for free anumonia carried out ? 


Place in a retort 250 C.C. of the water to be examined. Attach the 
retort to a Lielbcg’s condenser, and distil off about 130 C.C.; collect 
1 C.C. more of the distillate. and test it with a few drops of Nessler 
to see if any ammonia is still coming over: if so, the distillation 
may be continued longer. Carefully measure the amount of 
distillate; test a little with Nessler’s solution in a test-tube; and, 
if the colour be not too dark, take 100 C.C. of the distillate and put 
it ipto a cylindrical glass vessel, placed upon a piece of white paper. 
Add to it 11 C.C. of Nessler. Pour into another similar cylinder as 
many C.Cs. of the standard ammonium chloride solution as may be 
thought necessary (practice soon shows the amount), and fill up 
to 100 C.C, with pure distilled water: drop in 13 C.C. of Nessler. 
If the colours correspond after three to five minutes, the process is 
finished, and the amount of ammomum chloride used 1s read off. 

If the colours are not the same, add a little more ammonium 
chloride so long as no haze shows itself; if 1t docs, then a fresh 
glass must be taken, and another trial made. When the process is 
completed read off the number of C.C. of ammonium chlornde used, 
allow for the portion of distillate not used, multiply by 01 and 
then by 4: the result is milligrammes of free ammonia per litre, or 
parts per million; dividing by 10 gives parts per 100,000; multiply 
the latter by 07 to bring to grains per gallon.* 


1857.— What precautions are necessary in applying the test ? 


Should the colour of the distillate prove too dark, a smaller 
quantity may be used, and made upto 100 (C., with distilled 
water. WANKLYN recommends, distilling only 50 C C., Nesslerising 
it, and then adding one-third to the result, on the ground that (as he 
says) two-thirds of the ammonia come off in the first 50 C.C. He 
also states that with smaller sized apparatus 100 C.C. of water 
gives satisfactory results. The Society of Public Analysts recom- 
mends successive portions being distilled over and Nesslerised until 
ammonia ceases to appear. Practically the whole of the ammonia 
comes over in the first 130 C.C., or nearly so. 


The use of permanent coloured solutions, corresponding with 
known amounts of ammonia has been recommended, and caramel 
has been tried at Netley, but the results have not been very 
satisfactory. A colorimeter may be used if preferred. 
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*PaRKES’ Practical Hygienc, 7th Ed. 
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When a Liebeg’s condenser cannot be obtained, a flask may 
be used instead of a retort, and the distillate conveyed to the 
receiver by a tube of glass (or block tin) passing through a vessel 
of cold water, which must be renewed from time to time. The tube 
may pe bent in any convenient way, so as to expose it to the 
cooling water as much as possible. Every part of the apparatus 
must be scrupulously clean and well washed with distilled water 
previous to commencing the experiment. The 8.P.A. recommend 
that the retort tube should be packed into the condensing tube by 
means of an India-rubber ring; or it may be done with clean 
writing-paper, as WANKLYN proposes. Ineither case the substance 
used must be quite clean. Itis well to wash the retort, flask, and 
glass tubes with dilute sulphuric acid, and then rinse them out 
clean with distilled water. In distilling. the retort should be 
thrust well into the flame, and the distillation carried on rapidly, 
If the water is very soft, the addition of a little pure or recently 
heated sodium carbonate may be made, but in ordinary circum- 
stances it is not necessary and is not advisable * 


1858.—Give an example of the worling of this estimate. 


Suppose that from 250 CC. of water 133 were distilled; 100 
C.C. were taken for the experiment; 45 C.C. of ammonium chloride 
solution were required to give the proper colour; then +5 xX 


ion xX OO] x 4= 02394 milligrammes of free ammonia per litre; 
02394 + 10 = 002394 per 100,000. 
1859.—How do we get the fuctor ‘01 ” 


The standard solution contains ‘0315 gramme NHCI1 in a 
litre of distilled water ascertained to be free from ammonia, so that 
the litre comes to ‘01 gramme of ammonia and each C.C. to ‘QV001 

rammes, the equivalents of NH,C] and NH, being 53°5 and 
7, or in the ratio of 0316 to O1. 


1860.— What is Professor Notrer’s recommendation with regard to 
the condition of the distilled water used for the com 
parison 2 
That distilled water for making up standards of ammonia must 
be very pure, and should be distilled with a little phosphoric acid 
to fix the ammonia. 


1861.— What effect has Nessler’s solution on liquids containing 
ammonia or salts of ammonia ? 


When added to such a solution (even if the ammonia present 
be very small in vey a light yellow, a dark yellow, or a brown 
colouration is produced according to the quantity of ammonia 

resent. If there is avery large quantity of the ammonia in the 
iquid a precipitate is formed. 


* Parkes’ Practical Hygiene, 7th Ed. 
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1862.— What is the precipitate ? 


It is a salt named hydrargyro-ammonium iodide (Hg, NIH,O) 
or tetra-mercur-ammonium or ammonium in which four atoms of 
hydrogen are displaced by two of mercury. 


1863.—JIs it a delicate test for ammonium or its salts ? 


Yes ; the most delicate test thatis known. ft is capable of 
detecting one-hundredth of a milligramme of ammonium in two 
litres of water; or one part in 200,000,000 parts if the water be 
condensed to one litre. 


1864.— What does the “ free” or “ saline ammonia ” represent ? 


The “free” or “saline ammonia” represents the ammonia 
combined with carbonic, nitric, or other acids, and also what may 
be derived from urea, Or other easily decomposable substances, if 
they are present. The hmit in good waters 1s taken at (0002 
centigrammes per litre; in bad waters it often reaches 100 times 
this and more. [After the distillation of the free ammonia, the 
residue of the water in the retort is used for determiming the 
albuminoid ammonia, to be now described | 


1865.— Wht is Nessler's solution chemically ? 


It is a watery solution of potassium iodide, saturated with 
hydrargyri biniodidi, made strongly alkaline with hydrate of 
potassium. 


1866.— Wheat ae the chemical reactions occurring in the prepara- 
tion of Nessler’s solution 7 


Thirty-five grammes of iodide of potassium are dissolved in 
& small quantity of distilled water; a saturated solution of corro- 
sive sublimate is then added in small quantities at a time, a red 
precipitate takes place which is dissolved almost at once. On 
adding more of the Hg,Cl, solution a point is reached when the 
precipitate no longer dissolves. Enough of the Hg,Cl, solution 
has then been added. The solution is filtered and 160 grammes of 
KOH or 120 of NaOH is added in strong watery solution. The 
liquid is then made up to a litre by adding distilled water. Lastly 
5 C.C. of a saturated solution of Hg,Cl., is added. This gives 
clearness to the solution and renders it very sensitive to the 
reactions for which it is used. The liquid is allowed to stand anda 
sediment is deposited and the clear liquid is decanted into a large 
bottle with a well-fitting glass stopper. From this stock bottle the 
solution may be ronoved: as occasion arises for it, as frequent 
opening the stopper renders the liquid turbid. 


1867 .— What modifications are to be adopted in analysing very bad 
waters ? 


In analysing very bad waters it will be found that in the course - 
of the distillation the 5 C.C. of feta oan solution are exhausted. 
When this happens another 5 C.C. of permanganate must be dropped - 
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into the retort, and the operation continued, care being taken to 
leave an excess of permanganate before the stage is reached at 
which sulphuric acid is added. 


1868.— What are the advantages of the ummonia process ? 


It is simple, accurate, easily carried out, the information it gives : 
is definite. [By it we are able to detect 1 part of albuminoid 
ammonia in 10,000,000. | 


The ammonia process is practically a combustion process carried 
on in water ; the ammonia being theultimate product of combustion, 


Advantage of the ammonia process over the organic nitrogen 
and organic carbon process is that it operates in the water itself 
and not in the dry residue. 


1869.— When the ammonia iz in great excess in the water what 
happens ? 


The colour produced is too deep to be accurately read off. 
1870.— What should then be done ? 


The simplest way to overcome the difficulty is to dilute the 
water with ten times its bulk of distilled water and submit 50 C.C. 
of this dilution to the Nessler process. 


1871.—How might a beginner in such analytical processes test the 
accuracy of his work ? 


A water containing a known quantity of nitrogenous organic 
matter may be prepared artificially and then the ammonia process 
may be applied to it and the actual analytical results compared 
with the calculated result. Having prepared an artificially polluted 
water of known degree of pollution, let the ammonia process be work- 
ed and let the analyst judge how far he may trust his work by the 
degree of correspondence between the experimental and the calcu- 
lated results. 


1872.— What occurs if the ammonia be in excess ? 
A precipitate takes place at once. 


1873.— What is the precipitate and what is tis chemical formula ? 


It is the hydrargyro-ammonium iodide or iodide of tetra-mer- 
cur-ammonium, or ammonia in which four atoms of hydrogen are 
displaced by two of mercury. The formula Hg,NIH,O. 


1874.— How may the amount of ammonia be calculated from the 
amount of precipitate ? 
By multiplying the precipitate by °03041. 
1875.— Whence is the ammonia in the water usually derived ? 


Free ammonia is derived from urea. Urea is only found in 
water recently contaminated, for itis rapidly converted into oar- 
bonate of ammonia. 
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1876.—IVhat ts the limit of free ammonia in a good water ? 
From nil or ‘001 to ‘003 per 100,000 parts, and very rarely does it 
reach ‘005. ' 
1877 .— When should the estimation of the ammonia be convmenced 7 


It is desirable to proceed at once with the determination of this 
constituent, since it is the most liable to change. ‘The method of 
estimation is based upon the fact that an alkaline solution of mer- 
curic iodide, added to a liquid containing ammonia, produces a 
brown colouration, due to the formation of the iodide tetra-mercur- 
ammonium. This test, known as Nessler’s,1s capable of detecting one 
part of ammonia in 20,000,000 parts of water. 


1878.— Why is it necessary to commence the ammonia process as 
soon after receiring the sample of water as possible £ 


Because the ammonia is the constituent most liable to undergo 
change, or oxidation, combining with alkaline bascs especially those 
of sodium and potassium, to form nitrites and nitrates. 


1879 .—In what waters is ammoniu found ? 


Most kinds of water contain ammonia, or ammoniacal salts, 
which either was recently, or may presently become, a constituent 
of organic matter. In addition te this, most kinds of water actually 
do contain more or Jess nitrogenous organic matter, which furnisbes 
ammonia either on simple boiling with carbonate of sola, or else on 
boiling with permanganate of potash, in presence of excess of alkali. 
By estimating the amount of ammonia obtainable from water. noting 
the circumstances under which it is obtained, we have a measure of 
the nitrogenous organic matter present in water. 


1880.— What is the value of the information acquired by ascertuin- 
ing the amount of free ammonia in water ” 


The presence of NH, is a quite sure indication of recent con- 
tamination with decaying organic matter capable of yielding NH,, 
whether in spring, stream or wells. This readily oxidises and 1s thus 
converted into nitrous acid, and by longer easposure into nitric 
acid. ‘l'hese acids combine freely with a lime or other alkaline base 
as nitrate and nitriteof lime. Many analysts attach great impor- 
tance to the value of the nitrates and nitrites present, as indications 
of the nature of the contaminations of the water. 


, 1881.— Whit is the sanitary importance of ammonia found inair 
and water ? 


It derives its sanitary importance from its presence and amount 
giving a fair estimate of the pony of these essentials of life. When- 
ever moist, nitrogenous matters decompose, ammonia is one of ‘the 
products. Itis found in minute quantities in even good air and 
water. It is likewise found in clayey and peat soils. The greater 
the degree of injurious pollution of air and water, the larger, ase 
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rule, is the amount of ammonia present. It is probable that 
of the disgusting odours from drains, etc. are really stinking 
ammonias. 

Animal and vegetable matters contain nitrogen spoken of as 
Organic nitrogen (FRaANKLAND and ARMSTRONG). It is also contained 
in NH,, and ammonium salts, and these are due entirely to the 
decomposition of nitrogenous vegetable and animal matters. For 
this reason, NH,, although itself harmless, is determined quantita- 
tively. The amount even m polluted wateris small. It is however 
significant of organic pollution: ‘L part per 100,00 is grossly 
polluted water. Nitrates and mtrites are themselves harmless, but 
are the result of oxidation of nitrogenous organic matter. 


1882.— MWhat isthe indication of ammonia in the absence of chlorine 
nitrites and nitrates ? 


Ammonia, without nitrates and nitrites and chlorine, indicates 
vegetable contamination ; with them, probably animal. Changes in 
‘the relative proportion of nitrates and nitrites show the presence of 
bacteria, some of which exert a reducing action, and others the 
opposite, according to circumstances. 


1883 — Whi does this fact indicate ’ 


That ammonia will be found in all sewage polluted waters, 
unless the sewage has been filtered througha sufficient thickness of 
soil to convert the ammonia by oxidation into nitrates and nitrites. 

Ammonia in almost every quantity is to be deprecated, since it 
is the result of decomposition of animal and vegetable substances, 

.and has the qualities which are not beneficial as food. 


1884.— What does ammonia in water point to ? 


Naturally water (even rain water) contains it in small quanti- 
ties, but if there be much, and there is considerably an absence of 
HNO,, HNO, orcnlorine, itis probable that NH, is derived from 
vegetable organic matter undergoing decomposition, (usin marsh 
water). If in an ordinary condition of water there 1s more than 08 
parts per 1000, it probably arises from the recent conversion of urea 
‘into ammonium carbonate (corroborated by the co-existence of abund- 
ance of “ chlorine’’). 


1885.—How much free and alluaninoid ammonia are allowable in 
drinking waters ? 


Pure waters yield from nil to 0'002 parts per 100,000 of fre ® 
ammonia, and from nil to 0 005 per 100,000 of albuminoid ammoni ®- 
Usable water may contain up to 0°005 per 100,000 of free, and U'01 peF 
100,000 of albuminoid ammonia, ‘These numbers, however, require 

ualification, for they may be evceeded in cases where water is 
thoroughly good for dietetic purposes. Rain water often contains a 
large amount of free ammonia, probably derived from soot, and it 
‘then appears to be harmless. 
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1886.— What is Scnuitz’ permanganate of potash test for organte- 
matter in water ? 


In order to avoid some of the fallacies and inconveniences of 
the test with acid, F. Scuunrz tried the following plan, which was 
slightly modified by Lex. Five or more vessels, each containing 
60 C.C. of the water to be examined, are taken, and to each 2 C.C. 
of thin milk of lime are added, and then 1, 2, 3, 4, 5, ete., C.C. of the 
permanganate solution (‘395 gramme per litre) are added, and 
left for three hours. At the end of that time some of the samples 
will be decolorised, others still coloured; if No.1 and No. 2 are 
colourless, and No. 3 1s coloured, then the amount of permanganate 
destroyed is between 2and30C.C. As in the cold each equivalent 
of permanganate only gives off 3 (not 5 atoms) of oxygen, cach C.C. 
corresponds, not to ‘1, but to 06 milligrammes of oxygen. It is for 
this reason that 60C.0,of waterare taken instead of 100,for it is evi- 
dent that if 1 C.C. of the permanganate solntion gives only ‘06 milli- 
grammes to 60 C.C. it is the same as ‘1to 100 C.C. of the water. The 
calculation of the results is thus easy; if, for example, Nos. 1 and 2 
are declorised, while No. 3is coloured, the amount of oxygen required 
is between ‘2and ‘3 milligrammes for 100 C.C. or 2 and 3 per litre. 
If 60 C.C. of a water take less than 3 C C. of the permanganate solu- 
tion to give it a colour permanent for two hours. 1t is a good water 
(according to Lex) so far as this test is concerned; if 3and 4C.C. 
are required it is a medium water, and if the o C.C. do not givea 
colour tbe water is bad. 


1887.—How is the “ albuminond ammonia” process carried out? 


20 C.C. of the solution of alkaline permanganate are added to 
the residue in the retort, after the distillation of the free ammonia, 
and about 110 to 120 C.C. distilled off. It is sometimes convenient 
to add alittle pure distilled water to the residue if the first distil- 
lativn has been carriedrather far. WaANKLYN recommends successive 
quantities of 50 C.C. to be distilled off and tested until no more 
ammonia comes over. Determine the amount of ammonia, as was 
done in the case of the free ammonia, and state the results in this 
case as albuminoid ammonia. In this distillation there is sometimes 
a little difficulty caused by “bumping,” especially in the case of 
bad waters ; to remedy this it has been recommended to use pieces 
of tobacco pipe which have been heated to redness immediately 
before use. It is better, however, to dilute the water if it be a bad’ 
one, and not to distil too rapidly. 


1888 —In this test how is the albwminoid ammonia expressed ? 
As so much free ammonia, because the alkaline permanganate- 


solution disintegrates the nitrogenous organic matter, and sets 
free the ammonia, which is (as in the ordinary quantitative test for- 
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ammonia) volatilised and calculated in the same way as the free am- 
monia itself. [This is known as WaNKLYN’s “ Alkaline permanganate ” 
method. | 

1889.— What is the object of the albuminoid ammonia procees ? 


The object of this process isto get a measure of the nitrogenous 
organic matter in water by breaking it up and converting the 
nitrogen into ammonia by means of potassium permanganate in the 
presence of an alkah; the ammonia can be distilled off and esti- 
mated as above. It is to be understood that this does not deal with 
all the nitrogenous matter, but the results are sufficiently uniform 
to be nsetul. According to WANKLYN and CHapman, the albuminoid 
ammonia multiplied by 10 gives a fair approximate estimate of the 
nitrogenous matter in water. 


1890.—Js the absence of albuminoid ammonia in water of im- 
portance in coming tou conclusion as to its organic purity ? 


If a water yield 0°00 parts of albuminoid ammonia per million, 
it may be passed as organically pure, despite of much free ammonia 
and chlorides; and 1f indeed the albuminoid ammonia amount to 
"02, or to less than 0°05 parts per million, the water belongs to the: 
class of very pure water. When the albuminoid ammonia amounts 
to ‘05, then the proportion of free ammonia becomes an element in: 
the calculation, and we should be inclined to regard with some sus- 
picion a water yielding a considerable quantity of free ammonia,. 
along with more than ‘05 parts of albuminoid »mmonia per million. 


The presence of a considerable amount of albuminoid ammonia,. 
with little free ammonia and chlorides, is generally indicative of 
vegetable organic matter, often peaty. This ix the character of the 
greater part of the water-supply of Ireland. 


The real significance of the albuminoid ammonia has been 
much discussed, but the results obtained are sufficiently uniform to 
giye us a convenient measure of purity, provided we are careful 
not to draw the line too close. All the nitrogen of the organic 
matter is certainly not obtained by this method, but this is imma- 
terial so long as the proportion is tairly maintained. The results 
correspond to a certain extent with the orgunic nitrogen of FRaNk- 
LAND, and the process is much more feasible for medical officers 
generally. 


1891 .— What does albuminoid ammonia in water point to ? 


Naturally water (even rain water) contains it in smal] quanti-- 
ties, but if there be much and there is coincidently an absence of 
HNO, or HNO, or chlorine, it is probable that the NH, is derived 
from vegetable organic matter undergoing decomposition (as 
in marsh water). if in an ordinary water there is more than ‘08 
parts per 100,000, it probably arises from the recent conversion of 
utea ifitd ammonia (corroborated by the co-existence of abundance 
of ‘“‘chlorine’’). 
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Absence of any trace of albuminoid ammoniais suggestive of 
organic purity, even if free ammonia and chlorides are high. Albu- 
minoid ammonia less than ‘0 part per million is consistent with 
extreme purity; and if free ammonia is absent or scanty, albumi- 
noid ammonia under 010 is no evidence of impurity. If, however, 
there is much free ammonia, 0°05 alouminoid ammonia is suspicious, 
and 010 is strong evidence of pollution; 0°15 or more should con- 
demn a water absolutely. 


In good waters the free ammonia usually ranges from 0°VU or 
‘0°01 to 0°03 part per million, and rarely exceeds 0°05. 

These genera] rules are subject to some modification according 
to the history and surroundings of the water, which should always 
be studied. Vegetable 1s much less dangerous than animal con- 
tamination, and may often be recognised hy the slowness with 
which the albuminoid ammonia comes over, by the absence or small 
amount of chlorides and of free ammonia, and by microscopic ex- 
amination of the sediment or knowledge ot the course of the supply. 
Animal pollution is indicated 1f the albuminoid ammonia comes 
over rapidly, or if the chlorides or oxidised nitrogen are abundant. 
Pollution by absorption of effluvia, or by the presence of putrefying 
masses in the water would, however. be unaccompanied by any 
-excess of chlorides. ; 


1892.— What is the relation between ammonia and sewage con- 
taminated water ” 


The urea of the urine by a process of fermentative decompo- 
sition rapidly becomes carbonate of ammonia mm sewage. Ammonia 
will, therefore, be found in all sewage polluted waters unless the 
sewage has been filtered through a sufficient thickness of soil to 
convert the ammonia by oxidation into nitrates and nitrites. A few 
pure deep well waters from the chalk and greensand are found to 
‘contain excess of ammonia, but they are remarkably free from 
organic matters. On the other hand sewage polluted shallow well 
waters which contain excess of ammonia contain also an excessive 
amount of-organic matters. 


1893.— What does the absence of albuminoid ammonia indicate ? 


It is suggestive of purity ax regards organic matter, and this 
‘holds good even if the ammonia (saline) and chlorides are in moder- 
ate quantities. 


1894 — What are the indicutions of varying quantities of albu- 
i minoid ammoni« 7 


Albuminoid ammonia less than ‘05 part per million is consist- 
‘ent with extreme purity; and if free ammonia’‘is absent or scanty, 
albuminoid ammonia under 010 is no evidence of impurity, If, 
however, there is much free ammonia, 0°05 albuminoid ammonia is 
suspicious, and 0°10 is stroug evidence of pollution; 0°15 or more 
should condemn a water absolutely. 
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1895.—How much albiminoid ammonia is found inthe English 
lakes ” 


*As tothe English lakes, it was only 0:001 in 100,000 parts in 
Grassmere and Derwent water; 0°002 in Rydal Lake and Winder- 
mere, 0°004 1n Buttermere, and 0°007 in Crunock water. 


1896.— What does considerable quantity of albuminoid ammonia 
with little free ammonin indicate ° 


That the impurity is chiefly of vegetable origin, and if chlorine 
is also absent, or only in very small quantity, it is almost certain 
that the albuminoid ammonia is of vegetable origin. 


1897.—Jf albwininoid ammowia co-exrst with free ammonia 
chlorine and avitrates, what does it show ? 
That the impurity is of animal origin (probably sewage) and 
therefore of a most dangerous nature. 
- 1898.—What does much albuminoid ammonia with little amn- 
moniu and absence of chlorides shou ” 
Contamination by vegetable matter. 
1899 —What quantity of albuminoid anmon« is sufficient to 
condemiu a water 2 


With ‘lo parts per 1000.000 we should absolutely condemn the 


water. 
gs AO aie na 3 we should consider it suspicious. 
» ‘O02 to 0d ,, 5 a ” pure, 
9 “UO ” 3 " 4 the purest 
water. 


1900.—Which is the more dangerous in a water, nitrates or 
albuminoid ammonia ¢ 


The latter, because it is three stages nearer the originul source 
of contamination—probably sewage. 


1901.—What quantities of free and albumnoid ammonia would 
lead you to condemn a water ? 


The water should be rejected 1f it contains 0°15 parts of albumi- 
noid ammonia per million. Water with free ammonia 00°], albumi- 
noid ammonia 0:04, may be passed as a pure water. Free ammonia, 
however, being absent, or very small, watershould not be condemned 
unless the albumipnoid ammonia reaches something hke 0°10 per 
million (WANKLYN). 

Good water should not contuin more than ‘08 milligrammes per 
litre. Albuminoid ammonia is chiefly derived frem animal matter, 
but according to Parkks, decaying leayes and peat may also produce 
it. Much albuminoid ammonia, with little free ammonia and no 
chlorides means vegetable contamination (J. C. BaTTERsLy). 
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1902.—How much nitrogen would be contained in ammonium 
nitrate, sodium nitrite, and wren ? 


(NH,) NO : é : ‘00 gramme, r 
NaN, ° ' 37° 
CH,N,O 1b, 


Knowing the formula and the atomicities of the elements con- 
tained, the finding of the amount of any one element ina certain 
-quantity of a compound is a mere matter of simple proportion. 


1903.— What are the relations of ammonia, nitrates, und nitrites 
ae water ? 

Ammonia is almostalways present in very small quantity. but 
if it be in large enough amount to be detected without distillation, 
it is suspicious. If nitrates, etc., be also present, it is lkely to be 
from animal substances, excreta, etc. Nitrates and nitrites indicate 
previously existing organic matters, probably animal, such as ex- 
creta, remains of animals, etc.; but nitrates may also arise from 
vegetable matter. although this ix probably less usual. If nitrites 
largely exist. it is generally supposed that the contamination is 
recent. The coincidence of easily oxidised organic matters, of am- 
monia, and of chlorine in some quantity, would be in favour of an 
animul origin. If a water gives the test of nitric acid, but not 
nitrous acid, and very ltttle ammonia, either potasstum. sodium, or 
calcium nitrate is present, derived from soil impregnated with 
animal substances at some anterior date. 


1904.— What is the chief origin of the ammonia of sewage ? 


The urea of the urine which by a process of fermentative de- 
composition rapidly becomes carbonate of ammonia in the sewage. 


1905 .— Discuss in general terms the ammonia process of WANKLYN, 
and FANKLAND and ARMSTRONG'S organic nitrogen pro- 
ess. 


It is customary to determine the amount of ammonia and of 
nitrogen which exists in the form of nitrites and nitrates, not 
because these compounds are likely to exist in quantity sufficient 
to work harm of themselves, but because they are the result of the 
decay or decomposition of nitrogenous organic matter. Asa rule, 
the amount that occurs in unpolluted water is very small, and 
even in polluted waters it is small when expressed in figures. The 
ammonia can without difficulty be determined when present, even 
in minute quantity. 

The second general method in anything like common use is @ 
method devised by FRANKLAND and ARMSTRONG; it was used in the 

reat number of examinations published in the reports of the 
Rivers Pollution Commission of Great Britain. The method con- 
sists in evaporating a given quantity of the water, under carefully 
regulated conditions, and on submitting the residue to a@ process 
of organic analysis, by which all the carbon is conyerted into 
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carbonic acid and the nitrogen is liberated in the gaseous state. 
The mixture of nitrogen and carbonic acid is then analyzed by 
processes of gas analysis. The results are stated in so many parts 
of “ organic carbon” and so much “organic nitrogen” in 100,000 
parts of the water, and sometimes the two amounts together are 
spoken of as the amount of the “organic elements.”’ 

As a chemical process, this method has been made the subject 
of much criticism ty its opponents; from this point of view we can 
hardly discuss the matter appropriately. As at present employed, 
in the hands of competent persons, it 1s calculated to give good 
results; but the great question is, of how much value are the 
results when obtained? ‘The process,in the words of the origi- 
nator, is “ both tronblesome and tedious,” and requires considerable 
manipulative skill, the apparatus employed is somewhat costly and 
frangible, and a good deal of time is tuuavoidably consumed in the 
examination. 

It is true that, if we have the amount of organic nitrogen and 
carbon, we come nearer to having the amount of organic matter 
than is possible by any other means; but, as has been already said, 
it is, atter all, not the amount, but the character, which is to be 
considered and which is so important. In this method of analysis, 
the character and probable origin are inferred from the relative 
proportion of carbon and mitrogen. Thus, in waters which were 
rendered impure by the presence of extract of peat; the average 
amount ef nitrogen was to the umount of carbon as 1- J1'9, while 
the proportion in sewage wus as 1:1 8. 

With reference to FRANKLAND’s method SAnpER says: ° Without 
a knowledge of the previous history of the water, the relative pro- 
portion (between carbon and mtrogen) is not available as a 
means of deciding as to the nature of the contamination; if, 
however, the previous history of a water is known, there 1s scarcely 
need of so particular an analysis in order to judge of its character.” 
For this reason FraNkiLinn’s method has not been used to any 
extent in Germany or in this country. 


CHAPTER XXIII. 


EXAMINATION OF WaTER—continued. 


HARDNESS OF WATER. 
1906..— What means nay be adopted to soften water ? 


Lime may be added; soap may be used ; or carbonate of soda 
may be employed ; andon asmall scale boiling may be resorted to. 


1907.—What simple domestic plan is often employed to soften 
water ? 
Putting a marble into the kettle ; this during the boiling, rolls 
about in the water and helps to drive off the excess of CO,. 
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18908 .— What is meant by the term“ hard” as applied to water ? 


A hard water is one with which soap does not at once form a 
lather, but produces instead, a deposit of a curdy nature. Hard 
water presents a peculiar roughness to the tcuch. The hardness 
of unboiled water is called totul hardness, while that of boiled 
water is called permanent hardness. 


1909.— How may we classify the kinds of hardness of water ? 


¢ Temporary, removed by boiling. 
Tova 3 29 not affected by boiling. 


1910.— What is meant by permanent and temporary hardness af 
water 7” 

The permanent hardness is that not removed by boiling. It is 
called permanent hardness to distinguish it from the temporary 
hoaidness of water, which 1s removable by boiling. 

[Natural waters contain varying proportions of lime and other 
mineral salts, and on the amount of these constituents depends 
the relative hardness or softness of water. The hardness of water 
is mainly due to the presence of the salts of lime and magnesia. 
When these are present im excessive quantity, the water is said to 
be “hard.” A great destruction of soap also occurs when such 
water is used for washing clothes and other purposes. 

A ‘soft water’? 1s one below six degrees of hardness, and 
‘“‘each degree of hardness destroys 2} ounces of soap in each 100 
gallons of water used tor washing. Soft water is commercially of 
more value than hard water in proportion to the worth of 5 ounces 
of soap to each 200 gallons for each degree of hardness.” 

The hardness called * temporary ” 1s caused by the presence of 
carbonates of lime and maguesia held mm solution by an excess of 
carbonic acid. When the water is boiled, carbonic anhydride 
escapes, and the insoluble carbonates are precipitated, leaving the , 
water so much softer, but causing a deposit or fur on the sides of 
the vessel. This tur is always inconvenient, often productive of 
great loss of heat, and ix sometimes the cause of disastrous boiler 
explosions, owing to the superhcating of the iron plates beneath the 
crust. . 

It is manifest that. if these lime and magnesia salts could be 
removed before the soap is added, or the fur deposited before the 
water is put into the boiler, much inconvenience and expense would 
be avoided. 

This can be done, as far as the salts causing temporary hard- 
ness are concerned, by means of a process invented by the late 
Dr. CuianKk, of Aberdeen, which depends on the fact that when lime 
comes in contact with carbonate of lime and magnesia held in 
solution by excess of carbonic acid, the lime unites with the excess 
of carbonic acid, forming carbonate of lime, and the insoluble carbon- 
ate thus formed, together with the carbonates of lime and mag- 
nesia which are thrown out of solution by the abstraction of their 
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solvent, is deposited. This operation is attended with but little 
trouble or expense, and not only improves the value of a water econo- 
mically, but often increases and never diminishes its value for 
dietetic purposes. 

The soup-destroying measure of hard water is called the “total 
hardness’; but many waters become svfter on boiling. The de- 
crease produced by boiling 1s called “temporary hardness,” whilst 
the remaining hardness is termed “ permanent” ‘lhe permanent 
hardness 1s uscertained by first boilmg some of the water gently, 
allowing the steam to escape freely, and then, after it has cooled 
and the Joss by evaporation has been made up with recently boiled 
distilled water, applying toit the soap test as before * 


1911 —Jlow ts the hardness expressed ? 


Ibis customary to express the hardness in ‘ degrees * ; and each 
degree of Clark's scale indicates one grain of calerum carbonate per 
gallon of water, or theequivalent of one grain of chalk in soap- 
destroying power ‘Thus, ¢.g , one degree ot hurdnesss may be due to 
one grain of calcium carbonate, 1°1] grain ot calcium chloride, or 
1°36 grain of calcium sulphate, etc, each of these calcium com- 
pounds containing mn the above quantities respectively, 0°4 grain of 
calcium. 

In France each degree of hardness imdicates one part by 
weight of calcium varbonate, or its equivalent, per 100,000 parts of 
water; whilst in Germany a degree of hardness indicates one part. 
of lime (CaQ). or its equivalent, per 100,000 parts of water. Hence 
the various values of degrees of hardness are -—English 1°= 
German 0°8=French 1°4 nearly. Many analysts who give the 
results of their analyses in parts per 100,00Q, use the French scale 
of hardness. 

In England the actual hardness of water is spoken of as 
so many “ degrees,’ each degree corresponding to the amount of 
soap that is destroyed by a certain quantity of the water. Fourteen 
degrces of hardness is the allowable limit in waters used for drink- 
ing and cooking purposes. 

Seales pointing out the degree of hardness or softness are 
arbitrary. CLark's standard is the one usually employed. Each 
degree of it corresponds with one grain of carbonate of lime to the 
gallon. FRANKLIAND's is equally correct: and easier to work. An 
water below 6° 1s considered soft; any above this is said to be hard. 
A. soft water ontains from 4to 9 grams of carbonate of lime and 
magnesia to the gallon, while a hard one contains trom 9 to 40. 


1912. —What effect has the addition of lime to hard water ? 


By the addition of lime (CaO) tothe water, the lime in solu- 
tion combines with the excess of carbonic acid that holds the salts 
in solution, and throws down the carbonate as a fine precipitate, 








* Heuir’s Hygiene of Water and Water-Supplies. 
30 
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and this, as it settles, also carries down suspended matters. Hence, 
not only does this plan soften the water, but it also frees it from 
suspended matters ; it has no effect on thesulphates and chlorides. 

(The addition of lime water removes any considerable degree of 
hardness. It combines with the carbonic acid, and causes the 
formation of additional quantities of carbonate of lime, and this 
latter and all the previously contained carbonate of lime are 
precipitated.* It also causes the deposit of all suspended organic 
matter and much of the dissolved organic matter. It does not 
affect those salts giving rise to permanent hardness in water. It 
appears to act favourably in arresting organisms. ‘lhe use of lime 
water is carried out extensively in a few places in England to 
reduce hardness. | 


1913.-—What chemical reaction takes place on the addition of lime 
to wuter ? 


Calcium bicarbonate and caleium oxide combine to form calcium 
carbonate and calcium carbonate. 


1914.—Diseuss the question of remorable and permanent hardness 
of water. 

The hardness due to carbonates of lime and magnesium is to a 
large eatent removed by boiling; whilst the water, the hardness of 
which is but shghtly.if at all, affected, contains sulphote of lime. 
Chalk waters are most influenced by bciling, as the carbonate of 
lime is held m solution by the excess of carbonic acid present. When 
a chalk water is boiled, the carbonic acid is expelled. and the car- 
bonate of lime is tu a great extent precipitated. The hardness, due 
to carbonate of lime, is termed ‘temporary, as it can be thus 
removed ; that due to the sulphates of hme and magnesia is termed 
‘permanent, as it is not removable by boiling. Itais always desu 
able to know to which of the above the ‘hardness of water’ is due, 
as, in excessive cases,a knowledge of the cause would determine 
whether the water might be rendered fit for domestic purposes. 

1915.— What is CLank’s process for reducing the hurdness of water 7 

Hard waters may he softened upon the large scale in reser- 
voirs, by adding quicklime to the water. The lime and calcic 
bicarbonate react to form insoluble calcic carbonate, and this 
carries down with it suspended matters. A similar process may be 
employed on the domestic scale, using lime or washing-soda, or 
both. 

1916 —Whatis the rutionale of CLaRK’s quantitative test for hard- 
ness ” 


When an alkaline oleate is mixed with pure water, a lather is 
formed; but if lime, magnesia, iron, alumina, etc., be present, more 
of the oleate in varying quantities will be required to form a lather. 


*Avruor’s Hygiene of Water and Water-Supplies (Madras, 1891). 
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It is woll known that hard water causes scap to curd and pre- 
vents the formation of a lather, until a large quantity of soap has 
been added, ‘This fact has also been used asa measure of hardness, 
for it has been found that 2 lbs. of the best hard soap must be added 
to 10,000 gallons of water of 1° of hardness before a lather will re- 
main, and hence that quantity used in 10,000 gallons or 1:2 lbs. in 
1,000 gallons, or 0°12 lbs. in 100 gallons, to produce an ordinary 
lather is a measure of 1 degree of hardness. 


1917.— What ie a soap ? 


A soap is the combination of an alkaline base with a fatty acid. 

In using soap for investigating it is necessary to produce a 
lather of the soap with the water. In hard water the blue acid of 
the soap combines with the lime or magnesium salt of the water 
and forms an insoluble curdy precipitate, and all the Ca or Mg 
must combine with the soap in this way before a lather will form. 
CLARK ascertained by experiment how many measures of a standard 
solution of soap were required by a gallon of distilled and other 
waters in order to form a lather. 

Unfortunately an incorrect mode of registering the results was 
adopted , and a certain degree of confusion crept into the matter. 

Instead of registering the degree of hardness of a water as the 
number of measures of standard soap solution consumed in produ- 
cing the lather, he registered the degree of hardness as the number 
of grams of CaCO, or its equivalent of other soap-destroying salts 
in the gallon of water. 


1918.—Wrhel reagents end epparatus are required for the deter- 
mindtiow of hardness ? 


1. Aastandard solution of cadctrem sulphite is obtained by 
grinding in a mortar 0'1965 gramme of crystallised silenite 
(CaSO,, 2 H,O) with a sufficiency of distilled waterto dissolve it, 
and making up to the volume of a litre. Or 02985 gramme 
barium vitrate may be dissolved in distilled water and made up to 
a litre. Hither of these solutions contains the equivalent, in 
calcium or barium salts, of 8 grains calc1um carbonate per gallon. 

2. A stoppered narrow-monthed bottle holding 200 C.C., or 
as preferred by some, one holding 100 C.C. 

3. A buretieon stand aivided into cubic centimetres and 
tenths of a cubic centimetre. 

4, The standard soup solution.—A potash soap is best for the 
desired purpose, prepared thus: 15 parts of the lead plaster of the 
British Pharmacopaia (lead oleate) are warmed on a water-bath 
with 4 parts of potassium carbonate and rubbed in a mortar to a 
uniform consistence ; then digested with ordinary rectified methy- 
lated spirits, allowed to deposit, and diluted with water in the, 

roportion of three volumes of water to every five volumes of 
rectified spirit employed ; in other words, the alcohol is reduced to 


¥ 
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about proof strength, and only subsequent dilution is made with 
spirit of proof strength. The solution is then filtered. j 
Very commonly the soap solution is prepared by dissolving 
erdinary good undred Castile soap in the proportion of 14 
grammes tothe litre of a mixture of methylated rectified spirit 
and distilled water im equal volumes ; and there is no objection to: 
this when no minute degree of accuracy is demanded. In any case 
it is well to prepare a stock hottle of strong soap solution. and to 
dilute some ot the clear hquid from time to time with alcohol of 
proof strength and standardise it occasionally as soap solutions are 
apt to deposit mm winter, or when long kept, and thus to lose 
strength. : 
1919.— How is the soup solution stundardised ” 


The soap solution is standardised by taking 50 (.C. of the 
standard calcium (or barium) solution, placing it in the bottle and 
running in the soap solution trom a burette tila thick fine uniform 
white froth 1s produced on vigorously shaking the bottle. and 
should remain for five minutes when the bottle is placed on its side. 


1920.—IMWVhat modificution of the process is necessary if the wuter 
13 earrssively hard © 


Should more than 9 CC. of soap be reqnired, it is always well 
—ahd in the case of magnesium waters indispensahle—to dilute the 
water uvder examination with its own bulk, or twice 1t8 own bulk, 
etc.. of distilled water till not more than 9 CC. 1s required by 
50 C.C. of the diluted water. 


1921.—Is the proportion hetween the soup used ond the actunl 
degree of hurdness of a ruter constant ? 


It is not ; for according to the accurate observations of Farszr 
and Knausz, the degree of hardness corresponding to cach (.C. of 
soap solution used increases constantly with the amount of soap 
used. [According to WaykLyn, distilled water requires 10.C. of 
soap of solution to produce a lather,and he deducts 1C.C. from the 
number of cubic centimetres of soap solution, and the remainder 
gives the hardness in degrees. ‘The later experiments of CLARK, con- 
firmed by those of Faiszt and Knavsz, give 0°5 C.C. approximately, 
as the amount of soap required by 50 C C. of distilled water. 

{It must not be forgotten that if the water be diluted the neces- 
sary correction for dilution must be made. | 


1922.—Describe a simple meuns of judging the degree of hardness 
of a water ?* 

A rough means of judging of the relative degree of hardness of 

any sample of water, consists in placing a small quantity in a test 








* For other points in connection with the hardness of water vide Part I,. 
Chapter I. 


‘CHAP, XX1I1. | HARDNESS OF WATER. 469 


lass, and adding toit a few drops of a standard solution of soap 
in alcohol, when a white turbidity will make its appearance 
-depending in degree on the hardness of the water. 


1923.—By what processes my the urdiveas, unt the sults or other 
bodies causing it, be determined ¢ 


(L\RK’s very useful soap test offers a ready mode of determin- 

ingthis in a manner quite sufficient for hygienic and economic pur- 

oxes. ‘lhe processes with the soap test may be divided into two 
‘headings :— 

1. The determination of the aggregate earthy salts, and free 
carbonic acid, as expressed by theterin total hurdness The aggre- 
gate determination can be divided intotwo kinds of hardness, viz., 
that which is unaffected and that whichis affected by boiling, and 
these are termed the permunent and the removeable hurdness. 


Il. The determination of the amount of certain constituents, 
as the lime, magnesia, sulphuric acid, and free carbonic acid, 
These results are only approximative especially in the case of the 
magnesia; but they are very useful, as they give us enough infor- 
mation for hygienic purposes, andare done in avery short time.* 


1924.— What are the tivo weys in which the hardness of water may 
be ascertained from the soap solution ” 


1. Either by making the soap solution of a definite strength 
by careful standardising, so that cach measure (grain or cubic 
centimetre) 1s equal toa grain of soap-destroying salts per gallon. 

a 


2. Orby making a waterof a definite known hardness, by 
means of pure distilled water and chloride of calcium, and then 
seeing how much soap solution is required to neutralise the hard- 
ness of a definite amount of the artificial water; then test the 
hardness of the natural water, and compare the results. 


1925. —In general terms how is the © total hardness” estimated ” 


A certain amount of the water under examination is mtroduced 
intoa wiule-mouthed bottle, just as it 1s, and well agitated to get 
rid of the carbome acid, it being sucked ont after each agitation. 
The soap solution is then added from the burette, with brisk agi- 
tution after each addition, until a lather is formed which remaius 
for at least five minutes over the “ whole surface,” in an unbroken 
layer. The bottle is Jaid on its side. Jet it he for half-an-hour 
and agivate again, und add a few more drops of soap solution, if 
necessary; see that there is no break inthe lather, even after half- 
an-hour'’s rest. Then read off the amount of soap solution used up, 
and this equals the degrees of hardness; only deduct a little, as a 
‘certain amount of soap is required to give a lather even in the 
purest water. ‘This will then be the “ total hardness ” 


ParkeEs’ Practical Hygiene, 7th Ed. 
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192 6.— How may we prepare the standard solutions vequired in 
the estumation of hardness by CuarK’s method ? 


Make a standard solution of barium nitrate by dissolving 0°26 
grammes of pure barium nitrate in one litre of water. Next dis- 
solve a piece of soft potash soap of British Pharmacopwia in 
equal parts of alcohol and water, filter and measure amount, say 
210 cubic centimetres. Now take 50 cubic centimetres of the 
standard solution of barium nitrate and put into a clean glass- 
stoppercd bottle and drop in the soap solution from burette, shaking 
occasionally and adding soap solution until a permanent lather 1s 
produced, which lasts for five minutes. If exactly 2°2 cubic centi- 
metres have been used, the soap solution is of proper strength, if 
not, and suppose only 1°6 C’Cs. soap solution were used according 
to following rule ot proportion -— 

16:22: :210: x,~x = 2887." We must therefore dilute the 
origina] 210 C. Cs. with equal parts of spirit and water to 288°7 C.Cs. 
and again test for accuracy. 


1927 .— Flow else may the atundard soup solution be prepared ? 


(a) By dissolvinga piece of soft (potash) soap (of the British 
Pharmacopoeia) or Castile * soap in a mixture of equal parts of 
alcohol and water. ; 

[It may lhkewise be made by rubbing up 150 parts of the 
Emplastrum Plumb: (2? B) with- per cent. of dry potassium carbon- 
ate (by which menus carbonate of lead, and oleate of potassium are 
produced) tlis being then dissolved in rectified spirit and. filtered. } 
* 1928.—IWhiut is imeaut by “degrees” of hardness ” 

By degrees of hardness we signify that a definite quantity of 
water decomposes a certain mumber of cubie centimetres of a 
standardised soap solution. Thus 10 degrecs of hardness means 
that 10C C. of the standard soap solution have been used; that is, 
each C.C' solution = 1 degree of hardness (Frivatssp'’s seule). 
Each degree of hardness causes the destruction of 2) oz. of soap 
in 100 gallons of water used for washing clothes. 

f According to WANKLYN’S method of estimating the hardness 
each C.C isequal to one degree cf hardness ; but according to the 
late Prof. Parkes’ method each C.C. of his standard soap solu- 
tion is equal to 10 degrees of hardness, each C.C. consisting of ten 
“measures,” one measure indicating one degree of hardness. 


1929.—Jii general terms how do you estimate the * permanent” and 
“temporary” hardness ? 


A known bulk of the water is boiled ina flask with a narrow 
neck for an hour, care being takento keep up the water to its origi- 
nal bulk by the addition of distilled water; after the water has 
thus been deprived of its carbonie acid, the hardness is again esti- 


* Some analytical chemists speak highly of Castile soup for this purpose. 
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mated in the way just described ; this result is then read as the 
“permanent hardness.” The difference between this result and 
the one obtained by working with the natural water ‘total hard- 
ness) gives the ‘temporary hardness ’—that got rid of by boiling. 


1930.—Explain the initial cause of hurdncss in most waters ? 


As soon as rain water reaches the earth, it dissolves out salts of 
different kinds, and frequently organic matters. Different soils con- 
tain different salts, and in accordance with the nature of the soil will 
he the quality of the water. If we boiled down a pint of distilled water 
we would find that m time it would all disappcar—there would be 
nothing left. Doimg the same with any spring or ordinary water 
in a clean white vessel, we would find a solid residuc left Why isthis? 
It is because the rain water in falling to the ground, :nd passing 
overand through the soil. always finds saline bodies that 1t can dis- 
solve and take away withit. The sea is, in this way, constantly 
having these salts added to it, and the earth 1s having them removed. 
A large part of the solid residue yust mentioned consists of salts of 
lime and magnesia and is the initial cause of hardness m most waters. 


1931.— How is the hardiness neasured ? 


By a standard soap-solution, 1.C0.C. of which exactly precipi- 
tates 1 mer of calcic carbonate It is found that 1 C C. suffices to 
give a lather when shaken with 70 CC. of distilled water, and any: 
thing beyond this is duc to the hardness, which 1s always stated in 
terms of calcic carbonate. 


1932.— How is the amount of the soap solution used read off ? 


Thus-—If so many measures of the soap solution are required 
to neutralise the hardness of a definite amount of the artificial 
water containing a known amount of lime salts, what is the hard- 
ness of the natural water that uses up, say four times the amount 
of soap solution 


1933.-—Whet is the vationvle af CLAkK’s process ? 


To add hme to hard waters, especially chalk waters, till the 
excess of CO, is neutralised; when this has taken place, both the 
lime added and that m= solution are precipitated as carbonate, a 
minute quantity remaining um solution as carbonate of Hme is 
not absolutely in solution in water. By this process not only is the 
water softened, but a very large proportion of the organic matter 
is precipitated. 

1934.— What ure the solutions required for the hurdness of water, 
and how are they prepared ? 


(«) Soup Solution. 
Dissolve some soft soap (pharmucopwial) in diluted spirit, 
and graduate by means of the following barytic solution. 
Nitrate of barium . . 026 gramme. 
Distilled water. , 1 litre. 
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2°2 C.C. (or 22 meusures) of standard soap solution produce a 
permanent lather with 50C.C. of the above solution. 

1 measure (=), C.C.) of soap solution=0'000 25 gm.=0°25 
mgm. of calcium carbonate. 

Correction for lather=2 measures of soap. 

Short factors (when 50 C.C. of water are taken for experi- 
ment):— 


For degrees of Cruark’s scale (1: 70,000) =0°35, 
Fe 4s Metrical ,, (1 : 100,000)=0 50. 

(b) A weaker solution, each measure (,}, C.C ) of which is equal to 
0°07 mgm. of CaCO, is sometimes used. ‘Ihe correction for lather 
would be 7 incasures of soap. The corrected number of measures, 
divided by 10, gives the hardness in Crark’s scale directly or mul- 
tiplied by 0°14, the degrees on metrical scale * 


1935.—Stute briefly whut is meant by Currk’s process ? 


It consists in the addition of a definite quantity of lime water, 
regulated by the hardness of the water to be softened , and is found- 
ed on the fact that carbonate of hme, 7 ¢.. chalk, 1s almost insoluble 
in water tree from carbonic acid, though soluble in those contain- 
ing carbonic acid 1 solution. When, then, a solution of burnt hme 
is added to such a water in the exact proportion indicated by Its 
hardness, the lime combines with the excess of acid to form a carbon- 
ate, which falls together with the original carbonate, the solvent 
power of the free carbomicacid being withdrawn (WILLOUGHBY ). 


1936.— How showld the formation of the lather be watched ” 


To watch the formation of the lather, the bottle should be laid 
upon its side, and the lather, to be satistactory, must be capa- 
ble of persisting tor five minutes. 

1937.—-What precautions should be tuken with regard to the 
escape of the steam, and why ts this precaution neces- 
sry ? 

On no account must the steam fromthe flask be condensed 
and allowed to flow back into the boiling hquid, because the condens- 
ed water dissolves the escaping carbonic anhydride, which 1s thus 
continually returned to the contents of the flask in sufficient quan- 
tity to prevent the complete precipitation of carbonate of hme. 
Many serious errors have arisen from the negicct of this precaution. 


1938.— Wheat is the reaction which takes place in CLARK'S process 
for suftening waters ? 
CaCO, +C0O,+Ca(OH), =2 CaCO, +H,0. 
The calcium carbonate, as it is precipitated, carries down 


organic and other matters, thus clearing and purifying the water. 
The quantity of limé required has been ascertained by Dr. CLARK. 


* Pankes’ Jractical Hygiene, ith Ed. 
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He found that by adding one ounce of quicklime to a hundred 
gallous of water, for every degree of hardness, the water becomes 
soft and clean in twelve hours. 


The carbonates at times are fixed salts (as in trough water). 
But when we speak of fixed hardness, we usually mean sulphate of 
lime and magnesia. The white deposits frequently seen on the 
interior of kettles and engine boilers consist of precipitated carbon- 
ate of ime and magnesia. The only acid usually present is car- 
bonic acid in the gaseous state. ‘This helps to keep the carbonates of 
lime and magnesia dissolved in the water. By boiling, the carbonic 
acid gas is driven off, and the lime and magnesian carbonates are 
precipitated. The same precipitation takes place if ordinary oxide 
of calcium 1s added to this water. It is useful to know to what 
agent the hardness is due, for such knowledge points to whether 
the water can be rendered fit for domestic purposes or not- Water 
from natural sources contains a varying amount of lime, magnesia 
and other salts In accordance with the quantity of these salts is 
the hardness or softeness of water. Hardness 1s then generally due 
to excess of carbonate of ime and magnesia held in solution by 
excess of carbonic acid gas. 


1939.—Jlow much of the stundard soap solution is required to 
form « lather with distilled water ? 


Distilled water requires approximately as much soap to yield a 
lather as 0°7 gram per gallon CaCo,. or 1 part CaCO, 1m 100,000 
parts of water, ‘This is the excess of soap beyond that required to 
precipitate the calcareous salts of the water necded to produce a 
lather on agitation of the water with the soap. 


1940.—Give an eeumple showing the method of making the caleu- 
ladton for the total and temporary hardness ” 


Before boilhng, 32 measures, and after boiling, 13 measures, of 
the soap solution were used. 
B—2 (Hl) +2 =— 55 degrees of the Metrical scale. 
oo X07 = 385 degrees of CLARK'S scale permanent 
hardness. 


The difference between the total and the permanent hardness 
is the tewporaty or removable hardness, which im the example 
would be 15— 5°5 = 95 degrees of the Metrical scale, and 10°5—3'85 
=6°60 degrees of CLARK'S scale. 

The amount of permanent hardness 1s very important, as it 
chiefly represents the most objectionable earthy salts, viz., calcium 
sulphate and chloride, and the magnesian salts. ‘lhe greater the 
permanent hardness, the more objectionable is the water. The 
permanent hardness of a good water should not, if possible, be 

reater than about 5° of the Metrical scale, equal to 3° or 4° of 
“LARK’S scale, 
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The determination, then, of 
l. The total hardness, 
2. The permanent or fixed hardness, 
3. The temporary or removable hardness, 
will enable us to speak positively as to the hygienic characters of a 
water, so far as earthy salts are concerned. 


1941 .— What is the method adopted in estimating the total hard- 
ness in witer ? 


Fifty CC of the water are placed into a shaking bottle. The 
standard soap solution is carefully dropped into the bottle from a 
graduated burette The bottle is now thoroughly shaken and 
allowed to stand, if there are any salts that give hardness to water 
they form insoluble oleate compounds and not a lather. We must 
then go on adding soap solution until we get a umform lather of a 
beady cha acter covering the surface completely and lasting for at 
least five mnunutes We now read off the number of measures (each 
measure = ,’, C.C. of standard soap solution) taken We deduct two 
measures from this, because it takes two measures to form a lather 
with aistilled water, and then every two measures are equivalent to 
one degree of hardness according to the Metrieal system. 


1942. —Baplain this, 


Suppose we use 2-f measures, that is. 2°4C C. of the soap solution, 
the result will be 24-2 (correction for lather im disulled water = 
22 + 2 = 11° hardness (metrical) or 11x«°7 = 77 degrees C1Lirk’s 
scale. 

(This does not mean that CaCO, is the entire cause of the 
hardness. or that it is the only salt present: it represents the quan- 
tity of seap solution used fora hardness that wonld be due to 777 
gms. of CaCO, to the gallon. | 


1943. — How do ire get the factor 2 to divide the measures by ? 
Thus in the above mstance 24 — 2 = 22 net measures used ; 
22 x 20 (there bemng 20 times 50 cubic centimetres in a litre: ; 
= 440-25 (the quantity of CaCO, represented vy 1 measure 

of soap solution); 
= 110 + 19 (to reduce parts per million or litre to parts per 
100,000) = 11° mettrical or 11x°7 = 7°7 grains per gallon. ({Muli- 
piying by 20 and by °25 and dividing result by 10 is the same as 
ividing by the factor 2 at once ] 


1944.—THow much of the temporary hardness of water is removed 
by CLARK’s process 7 


Ten-eleventhis of the temporary hardness can thus be removed, 
but the permanent is not affected, so that the hardness of waters 
of 15° to 20° cannot, asa rule, be brought down below 24° to 3°. It 
seems at the same time to remove many organic impurities. The 
hardest waters are those of springs rising in the chalk limestone 
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and dolomite, the last containing much magnesia, and being perma- 
nently hard. Thus, the Sunderland (dolomitic) water shows 30°, 
the Chatham 24°, Croydon and Kent Company 20° to 21° 
(WILLOUGHRBY). 


1945.— What is the ejuiralent expressed in carbonate of lime of 
each “measure ” of the standard soup solution ? 


Each 0°1 C.C.. or in other words, each measure, of our soap solu- 
tion corresponds to ‘25 mgm. of calcium carbonate. Multiply this 
co-cfhaent by the number of measures of soap solution used, and 
the result is the hardness of 50 C.C.of water expressed as calcium 
carbonate. Then,as we have acted on one-twentieth of a litre, mul- 
tiply by 20 to give the amount per htre, and then by 0°07 to bring 
the amount to grains per gallon. 


1946.— How is the teat carried out ? 


Take o0C.C. of water to be examined and place ina shaking bottle 
and drop in a measured quantity of soap solution, shake well and 
letit stand, if there be any salts it forms mslouble oleate compounds 
and nota luther. We must go on adding soap solution until we get 
auniform Jather of a beady character covering the surface com- 
etely lasting for at least > minutes. Lather should be permanent. 
We now read off the number of C.C. taken fromthe burctte. 


Imeasure = ,', of O.C Say we use 2tof this solution it equals 
12 degress of hardness according to the Metrical scale or ut grains 
per gallon; 12 « 7 = 8+ Caccording to CLARK’s seale). Take 50C.C. 
distilled water, use soap solution and wait The distilled water 
requires 
2 measures to form lather .24—? = 22, 


From the 24 measures of soap solution taken subtract 2 for 
correction for Jather m distilled water, which leaves 22, the total net 
measures of soup solution or 11° of hardnesss (Metrical) ; or 11x°7 
=7°7 grains per gallon according to CLARK'S scale. 


[This does not mean that CaCO, is the entire cause of the 
hardness or that it is the onty salt present it represents the quan- 
tity of soap solution used fora hardness that would ke due to 


CaCO, | 
1947.— Give another example of the working of this calculation. 


Suppose 60 C.C. of water required 9 C. millimeters or 9 mea- 
sures to form alather; « soap solution 9—2 (for lather of distilled 
water = 7), (7 are net measures]. ¢ X 20 (there being twenty times 
fifty cubic centimeters in a htre) =1+40 x ‘25 (the quantity of 
CaCO, represented by one measure of soap solution) 7 x 20 x "25 = 
35°00 per million parts + 10 to reduce it two parts per 100,000 = 33 = 
36 grains per 100,000 = 35 x10 + 7 = 5 grains per gallon. 

We divide the net measures by 2, because it comes to the same 
thing as multiplying by 20, and ‘26 and + 10. 


476 WATER. [Part @, 


1948.—How is the determination of the total hardness of the 
water carried out ? 


Take 50 C.C, of the water; put it ina small stoppered bottle, 
and add the soap solution from the burette, shaking it strongly after 
each addition until a thin uniform beady lather spreads over the 
whole surface without any break. If the lather 1s permanent for 
five minutes, the process 18 complete, if it breaks before that time, 
add a drop or twomore of the solution, and so proceed until a 
lather be obtained that is permanent for five minutes. 

Then read off the number of measures of soup solution used. 

The amount of this total hardness is, for convemence, usually 
expressed in Hngland in the manner proposed by Dr. CLARK, 1.6., 
though dependent on various causes, it is expressed as equivalent 
toso much calcium carbonate per gallon, and in Cuark’s scale 
1 grain of calcium carbonate per gallon is called 1 degree of 
hardness. 


1949.— What are the chief constitucats of the “ colatile solids” ? 
Organic matter, nitrites, ammoma, and chlorides. 

1950 — What is the purpose served by the estimation of the solide ? 
It serves as a check to the determination of the total solids. 


1951.—Jn testing very hard waters what preparations are to be 
adopted ? 


In trials of waters above 16° hardness, 100 measures of distilled 
water should be added. and 60 measures of the soap test dropped 
into the mixture, provided lather is not found previously. If at 60 
test measures of soap test; orat any number of such measures 
between 32° and 60°, the proper lather be produced, then a final 
trial may be made. 


1952 —How 1s the test then conducted 7% 


100 test measures of water under trial are mixed with 100 
measures of distilled water. well ugitated, to this mixture soap test 
is added until the Jather is produced. The number of test measures 
required is divided by 2, and the double of such degree will be the 
hardness of the water 


1953.—Give an example. 

Suppose half the soap test that has been required correspond 
to 10; degrees.of hardness, then the hardness of the water under 
trial will be 21. Suppose, however, that 60 measures of the soap 
test have failed to prodneea lather, then another 100 measures of 
distilled water are added, and the preliminary trial made until 90 
test measures of soap solution have been added = Shonld a lather 
now be produced, a final trial is made, by adding to 100 test men- 
sures of the water to be tried 200 test measures of distilled 
water, and the quantity of soap test required is divided by 3; and 
the degree of hardness corresponding with the third part being 
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ascertained by comparison with the standard solution, the degree 


multiplied by 3 will be the hardness of the water. hus, suppose 
her 


e Me B55 
85°5 measures of soap solution were required a =28°5, and on 


referring to the table,this number is found to correspond to 14°, 


which multiphed by 8, gives 42° for the actual hardness of the 
water. 


1954.—To ascertain eractly the hardness of water what should be 
done before applaing the soap test ? 


Previous to applying the soap test it is necessary toexpel from 
the water the cacess ot carbome acid, that is, the excess over and 
above what 1s necessary to form alkaline or earthy bicarbonates, 
this excess having the property ot slowly decomposing a lather once 
formed. For this purpose, betore measuring out the water for trial, 
it should be shaken briskly in a stoppered glass-bottle half filled 
with it, sucking out the air trom the bottle at intervals by means of 
aglass tube,soas to change the atmosphere in the bottle ; 100 measures 
of the water are then mtroduced into the stoppercd plial, and treated 
with the soap test, the carbome acid elimmatcd being sucked out 
from time to tine from the upper part of the bottle. The hardness 
of the water is then imferred directly from the number of measures of 
soap solution employed. 


1955.— What are saft and hard soaps respectively ? 


Soft soaps are principally oleates of potash, but contain also some 
stearate of potash. 

Hard soaps are principally stearates of soda, but they contain, 
besides, a httle oleate of soda. also palinitate and resinate of soda, 
where palm oil and resin are used m their manufacture. 


1856.— What wes Dr. Cuann’s standard for hard water ” 
Sixteen degrees. 
1957.— What does this mean ? 
Water wlich contains 16 grains of pure calcium carbonate per 
gallon. 
1958 .—-State briefly how the permanent hardness is determined. 


Boil a measured quantity of the water briskly in a wide-mouthed 
flask for half an hour, adding distilled water to make up for that 
evaporated. Allow the water to cool after closing the mouth of the 
flask. Make up with distilled water to the origmal bulk taken. 
Decant if possible, 1f not, filter, the quantity required for examination. 
Proceed as in the estimation for the temporary hardness. 


1959.—Siate briefly how the temporary hardness ia determined ? 


Put 50 decems of the water ina well stoppered square 8-ounce 
bottle. From the burette run in small quantities of the soap solution 
atatime. Shake the bottle vigorously for about a quarter of a 
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‘minute. Ifa lather is produced, lay the bottle on its side and notice 
if it remains five minutes; at the end of that time turn the bottle 
round on its opposite side and note if the lather breaks. If it does, 
add more of the soap solution and repeat the process. When a 
permanent lather is produced note the number of measures of soap 
solution used. Now repeat the process on a fresh sample of water, 
running inthe soap solution to within a few measures of the former 
quantity used. From this point run in the soap by drops so as to 
obtain the exact quantity used and asa check upon the former 
estimation. 


°1960.— Describe CLARK’s process for softening water on a small scale. 
On whut principle does it derend 7 


The method is applicable to chalky waters. that is. water contain- 
ing extra proportions of carbonate of lime. By the addition of lime 
water the chalk is precipitated and the water left above is clear, 
colourless, and soft, not holding im any sensible degree cither a solu- 
tion of quicklime or bicarbonate of lime. In houses it is casily 
carried out, by having a quantity of ordinary lime in a well stop- 
pered bottle, usmg it to soften the water as required. The propor- 
tion of hme to the water 1s one in thirteen. Two jugs may he used, 
one holding thirteen times as much as the other. For each jugful 
of the largest kind of*hard water mix the contents of one of the small 
jugs of lime water. The chalk after a hhttle while deposits at the 
bottom when the softened water can be poured off. 


1961.— Describe Cuark’s process for removing the hurdness of 
water on a larye settle. 


The water collected in large tanks 1s treated with a sufficiency 
of lime water to neutralise the free carbonic acid present. As the 
carbonate of lime present in the original water is only retaimed in 
solution by the excessof carbonic acid, it follows that 1f thisbe removed, 
the carbonate of time will be precipitated. The lime water acts, 
therefore, by neutrahsing the carbome acid, forming with it insolu- 
ble carbonate of lime. which is thus ALN together with the 
carbonate of lime previously dissolved in the water. By this means, 
not only is the lme almost entirely removed, but a certain degree of 
organic purrfication takes place by the precipitated lime carrying 
down with it a considerable amount of the organic matter present. 


1962.— What requlates the quantity of lime required to remove the 
hardness ? 
The quantity to be added to the water is made known by ascer- 
taining the amount of total hardness. 
1963.— How much lime is weed in the process ? 


One ounce of quicklime should be added to 100 gallons of water 
for every degree of hardness. 
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1964.— How is the lime treated before being added ? 


It is first to be slaked and stirred ina few gallons, and imme- 
diately poured into the whole quantity, taking care to repeat the 
operation, and to thoroughly mix the whole contents together. 


1965.—Whatis next done ? 


After this it should be left at rest, and it will become sufficiently 
clear in three hours for external use, but should not be drunk for 
twelve hours. 


1966.— What are the chief objections to CLARK’s process ” 


1. Jt requires large extra reservoirs when done on the large 
scale, as large volumes of water have to he left at rest for many hours; 
this, of course, entails expense. 

2. The great quantity of chalk that accumulates at the bottom 
of the reservoirs, and that must be carted away occasionally, also 
entailmy extra expense. 

3. The sottened water 1s more likely to attack lead pipes. 


1967.—ZITow is Ciarn’s process curried out for suflering Thames 
water 7 


The working of the process (CLAnK’s) may be desembed shortly 
as follows: — For Thames water, the proportion of hme to be used 
should be about 144 cewt to each milhon gallons. The lme in the 
form of quickhme 1s first slaked with water ina tank, mto which the 
water to be softened is gradually allowed to flow, thorough mixing 
must be ensured by wooden paddles or other mechanical means. 
The water becomes milky im appearance from precipitation of 
the chalk, and must then be allowed to settle, for 12 hours, and 
subsequently decanted. Besides chalk, a certam amount of colouring 
and organic matters are removed from the water by this process. It 
is important that uncombined lime should not pass out with the 
purified water, as would be the case f line were added in eacess of 
that required to combine with all the earbome acid holding the chalk 
in solution. To detect uncombined hme, it is only necessary to add 
a few drops of a solution of mitrate of silver to the treated water in a 
shallow white dish, when a yellow or brownish colour 1s produced: if 
uncombmed lime is present, but only a white precipitate of chloride 
of silver if there 1s none present. 

1968.— What are the waters to which Cuink’s process are specially 
applicable ” 


Those containing excess of CaCO, held in solution hy excess 


Of COy,. 
1969.— What quantity of lime is udded to remove the hurdness ? 
The quantity to be added to the water is made known by 
ascertaining the amount of total hardness ; the actual amount usually 


employed is one ounce of quicklime to every 100 gallons for every 
degree of hardness. 
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1970.— Give some useful data regarding hardness. 


1 degree (1°) Crark’s scale = 14 degree (1° 4) on the centesi- 
mal scale (parts per 100,000). 

1 degree (1°) Ciark’s scale=0'8 degree (098) on the German 
scale. 

l grain CaCO,=1111 gr. CaCl, = 1:38 gr. CaSO, = 0°56 gr. 
CaO = 084 gr. MgCO, = 04 gr. MgO in soap = destroying power. 

1 gram per gallon CaCO, = 143 Mg per litre. 


1971.-— What os the rationale of the process of the soap test ? 


When an alkahne oleate is mixed with pure water, w lather is 
given almost immediately; but, if lime, magnesia. iron, baryta, 
alumina, or other substances of this kind be present, oleates of these 
bases are formed, and no lather is given until the earthy bases are 
thrown down Free (but not combined) carboue acid prevefits the 
lather. The soap combines im equivalent proportions with these 
bases, so that if the soap solution be graduated by a solution of 
known strength of any kind, it will be of equivalent strength for 
corresponding solutions of other bases. There are, however, one or 
two ports which render the method Jess certam. One of these is, 
that, m the case of magnesia, there isa tendency to form double 
salts (PLiyrarR and CimMpPBe..), sothat the deternunation of magnesia 
Is never so accurate as in the cases of lime or baryta. Carbonic acid 
appears to unite mm equivalent proportions when it 1s passed through 
the soap solution: but if it be diffused in water, and then shaken up 
with soap solution, two equivalents of the acid unite with one of 
Roap. * 


1972.—What precaution is necessary tf magnesian salts «are 
present ” 

If magnesian salts are present a sewm is formed, therefore add 
the soap solution very slowly and shake more briskly after each 
addition. If the water is above 16° hardness mia 50 decems of the 
water with an equal volume of recently bolled distilled water cooled 
in a stoppered vessel and determine hardness as before. The result 


must of course be multiphed by 2. 


1973.—Whot is the strength of Wankury’s standard soup 
solution 7 


It contains exactly sufficient soap in 1C.C. to precipitate one 
mgm. of CaCO,. When therefore the 70 C.C. are taken and a certain 
number of C.C. of standard soap solution, it is as if an actual gallon 
of water had becn taken, and tested with a certain number of measures 
of standard soap solution whereof each measure contained soap 
equivalent to one gramme of carbonate of lime. 








* PaRKEs’ Practical Hygiene, 7th Ed. 
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k.— Why is 70 C.C. taken ? 


Because it formes a sort of “miniature gallon’’; they contain as 
many mgms. of water as there are grains in a gallon. 


1976.— What te the PonTER-CLARK process ? 


It is a modification of CLarK’s. Instead of waiting for slow 
‘subsidence, which takes ten or twelve hours, the precipitated calcic 
carbonate is removed rapidly by filtration through cloth, under 
pressure. 

The Porter-CLARK process is an admirable one for removin 
‘excess of temporary hardness, and the carbonate of calcium deposited 
in the process carries down with it organic matters, so that the 
filtered water is fairly soft, clear, and of a fine blue tint when viewed 
in thick layers. 


1976.— What ia ATKIN’s patent system of softening water ? 


In principle it is the same as Crark’s process, the difference 
consisting in a provision made in the ATKIN system for filtering the 
water concurrently as it is softened, imstead of precipitating the lime 
in tanks. 


1977 .— Mention another method of reducing hardness. 
The addition of a solution of barium chloride (BaCl,). 


1978.—Eaplain the rationale of this process. 


The addition of the BaCl, converts the sulphate of lime into a 
‘chloride ; the BaSO, is precipitated. As the CaSO, is converted into 
@ chloride, CO, is passed through the water which converts it into 
-carbonate of lime and this is thrown down. 


1979.— What are the disadvantages of this process ? 


1. It is expensive. 
2. BaCl, 1s not altogether a non-poisonous agent. 


1980.— Give an example as to its practical application. 


a -sae harduess ; ; : 32 
00 C.C. barytic solution : ao 

4 

Alter precipitation ; : . 45 

Difference 9 


‘Oh « 9 & 2 = 4°32 parts per 100,000; 432 x 07 = 3°02 grains 
per gallon. 

Usually this process gives good results. Occasionally, from 
‘gome cause which is not clear, the barium sulphate does not precipitate. 
‘This does not depend on the amount of sulphuric acid. The ease 
with which this process is carried out renders it useful. The barytic 
solution is only strong enough to precipitate 6°72 grains of sulphuric 


: 31 
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acid (SO,) per gallon, so that half the water only must be taken, or 
less, if the sulphuric acid be evidently in large amount. , 


1981.— What is MaiGNneEn’s patent process ? 


This is founded on CLARK’s principle, but the apparatus is more 
adapted to domestic requirements. In its simplest form of applica- 
tion the softening material, called audtcaliaies (an admixture 
in powder of lime, soda and alum) is stirred up in the water to be 
treated and the precipitate allowed to settle. One pound of the 
powder costing sixpence, will sufficiently soften from 300 to 500 
gallons of water. 


(The resources of analytical chemistry are not as yet sufficiently 
developed to determine the existence and nature of all organic sub- 
stances with which water may be contaminated, and the presence of 
some of the more subtle and dangerous of these 1s manifested only 
by their pathological effects. ] 


1982,—How could you represent the disadvantages attaching to 
each degree of hardness 1n soap ” 


By the fact that about 2} ounces of suap are wasted in washing 
purposes in 100 gallons of water of one degree of hardness, cach 
grain of carbonate of lime wasting about ten grains of soap. 


1983.— Does the hardness in different waters vary ? 


Yes, within very wide limits. Thus in the deep wells in magne- 
sian limestone it varies from 14°—67°; in the deep wells from 
chalk beds it averages 27°. In the water from Bala Lake, Wales, 
the temporary hardness is 0° 1, the permanent hardness 0°83, in the 
Lock Katrine water there 1s no temporary hardness and 0°9 

ermanent hardness; in the water from the Thames, above Read- 
ing, temporary hardness 12° 8, permanent 8°, total 21°, from : 
the Thames, above Hampton, temporary hardness 17°-9, permanent 
6°'6. 


1984,.— What is the limit of hardness allowable ? 


Fourteen degrees of hardness is the allowable limit in waters 
used for drinking and cooking purposes. Some authorities hold 
that water having anything beyond 8 or 9° of hardness ought not to 
be used without being softened; others consider that even as 
much as 40° is harmless if the hardness arises from chalk only. 


_ Ifthe hardness arises from MgCQ, and CaSQ,, and exceeds 
14°, it is not a suitable water for drinking purposes. 


(Persons who for a long period have been accustomed to a hard 
water and are then obliged to use a soft one, are very liable to suffer 
from digestive derangements. | 
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 :1985.— Which are the hurdest waters ? 


Those of springs rising in the dolomite and chalk limestone, 
the former, containing magnesia, being permanently hard. 


nese is the effect of boiling upon water containing much 
aCoO,? 


It drives off the CO,, which holds the excess of CaCO, in solu- 
tion ; the latter falling to the bottom as a precipitate; the water which 
was “hard” is thus rendered “soft.” 


1987.— What are the objections raised against CLARK’s process ? 


The following objections have been raised against CLaRK’s pro- 
cess for softening water :— 

1. That the softened water attacks lead—denied by WaNKLYN. 

2. That the process is not applicable to waters containing organic 
matter in large quantity, because the chalk precipitated will not 
gubside—anewerad by condemning all waters with a large quantity 
of organic matter. 

3. That in carrying out the process on a large scale,great volumes 
ofthe water must be left at rest for many hours, extra reservoirs 
are required, and the expense of water-works thereby greatly 
increased. 

4. That the quantity of chalk which would accumulate at the 
bottom of the reservoirs would require frequent removal and entail 
expense. 

The two last objections can only be answered by comparing the 
relative cost of other proposed schemes.* 


1988.—In there any special process that requires a very hard water ? 


Yes, that of brewing. In this case the water may contain as many 
as 28 degrees of permanent hardness to the gallon, especially if 
from calcium in the form of sulphate. 


1989.—Cite an example in which this is the case. 
Burton-on-Trent. 
1990.— Why is hardness advantageous in this process? 
The hard water keeps out the colouring matter of the salt. 
1991.—How may the hardness of chalk waters be adequately 
represented ? 


By the fact that every 1,000,000 gallons contains about 14 tons of 
chalk. 


1992.— How does boiling affect the degree of hardness of water ? 


Some hard waters are softened by boiling; others are not. The 
hardness of water removed on boiling is due mainly to the presence 








® WanxkLyn’s Water Analysis. 
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of carbonate of lime and magnesia; whilst the water, the hard- 
ness of which is but slightly, if at all, affected, contains sulphate of 
lime. Chalk waters are most influenced by boiling, as the carbonate 
of lime is held in solution by the excess of carbonic acid present. 
When a chalk water is boiled, the carbonic acid is expelled, and the 

carbonate of lime is toa great extent precipitated. 


The hardness, due to carbonate of lime, istermed “temporary,” 
as itcan be thus removed; that dueto the sulphate of lime and 
magnesia is termed “permanent,” as it is not removable by boiling. 
It is always desirable to know to which of the above the “hardness 
of water ” is due, as, in excessive cases, a knowledge of the cause 
would determine whether the water might be rendered fit for 
domestic purposes. 


The Chemical Commission of 1851 (‘ Quart. Jour. Chem. Soc.,’ 
Vol. iv., p. 388, 1852) found that the water supplied by “ the New 
River pind to London, having a total hardness of 14° to 15° and 
@ permanent hardness of about 2°, when drawn on six different 
occasions from the fixed boiler of a kitchen range, had a hardness of 
50-4, 4°-9, 49-1, 4°9, and 5°3; the average being 4°°8, or one-third 
of the original amount. 


1993.— What effect has hardness on the infusing of tea ? 


In tea-making, hard water is considered to yield a more delicate 
infusion than soft water, and is hence preferred. A soft water, 
on the other hand, yields with tea a darker and better infusion, 
and is hence more esteemed for the purpose by the lower orders, 
who desiderate ‘strength’ of tea. The chief difference in this 
respect between a hard anda soft water is that when a hard 
water is used a longer time is required for the infusion of the tea. 


For most culinary purposes a hard water is objectionable, and 
the presence of calcium salts is said to harden the fibre of meat. 
during boiling. Sulphate of calcium, too, when boiled with legumi- 
nous seeds, is asserted to form hard indigestible compounds with the 
legumin which they contain. 


1994.— Does erperience show that the use of hard water is danger- 
ous to health ? 


It does not. Some of our town supplies, as, e.g., those of Bristol and 
Sunderland, are very hard, the water supplied to Sunderland contain- 
ing magnesia and sulphates, the equivalent of 14 grains anhydrous 
and 28 grains crystallised sulphate of magnesium per gallon; yet 
the Medical Officer of Health has not heen able to trace any incon- 
venience to health, much less disease, to its use, and it is believed 
to be a good wholesome water, though having a hardness of 25°. 


The waters of the valley of the river Trent, and very many of 
those derived from wells and springs in the new red sandstone 
formation, are intensely seleniferous, 1.e.,abound in sulphate of 
calcium, and yet are not generally considered harmful. 
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All are agreed that where the hardness of water is due to the 
presence of carbonate of calcium, and to a lesser degree of carbonate 
of nesium, 1.e., when the hardness is temporary or removable, 
little harm ensues; but that when the hardness is permanent, due to 
the presence of the sulphates, nitrates, and shlorides of calcium and 
magnesium, the dietetic value of a water is greatly impaired. How 
far this opinion 1s based upon a solid basis of facts is at least 
uncertain. 


1995.— What is the money-loss involved in the use of soflening 
hard water ? 


The money-loss involved in the use of hard water has been 
much exagegerated. The difference between the use of water of 2° 
and one of 14° of hardness is about 128 grains of yellow soap per 
gallon, or 13 oz. per 6 gallons, 6 gallons beimg the ordinary con- 
sumption of water per head per day for washing purposes; it being 
assumed that the water is used cold. The money-value of this 
amount of soap is 004d. ; whilst the cost of softening 35 gallons of 
water—the daily supply per head in towns—by the PortEer-CLaRK 
process is 0°0]2d. only. ‘The difference is equal to rather more than 
103d. per head per annunn. 

When soda is used mm addition to soap, as in ordinary laundry 
work, the loss of soap is much less, since the soda (carbonate of 
sodium) precipitates the calcium salts in a form which prevents the 
destruction of soap. 

The case against the use of hard water was ably put by the 
Chemical Commission of 1881, who stated that it is in the more 
careful washing for the upper and middle classes that the advan- 
tages of soft water become fully sensible; for when a hard water 
is heated the carbonate of calcium 1s precipitated on the linen, 
carrying down with it the colouring matter of the dirty water, and 
producing stains which there is the greatest difficulty in afterwards 
removing from the hnen. The colouring matter from the water is 
thus indeed fixed upon the cloth by the precipitated calcium salt 
with the tenacity of a mordant. 

if the hands be washed in water before this artificial softenmg 
is complete, the insoluble lime soap will be precipitated on the skin, 
producing a harsh, unpleasant sensation , and 1f linen be washed in 
such water, the pioluble soap precipitate is deposited within and 
between the fibres of the fabric. 


1996.— How do sulphate and carbonate uf lime in water: 
tively affect steam botlers ? 


The sulphate of lime, although somewhat soluble in cold water, 
deposits because it is almost completely insoluble in water having a 
temperature of about 180°C. a temperature which is reached when 
the pressure of steam in the boiler is that of 2}° atmospheres. It 
forms a scale which is very coherent and difficult to detach, while 
the carbonate of lime, in the absence of other deposits, generally 
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settles as a loose sludge, which, however, under some circumstances, 
becomes tolerably compact. [Lengthy remarks on boiler incrustation 
and the boiler corrosion does not come within the objects of this 
CaTECHISM. | 


1997 — What are the disadvantages and risks of these deposits ? 


1. As the bottom of the boiler (next the fire) becomes thickly 
coated, much more coal must be used to keep up the steam; hence 
this is wasteful and entails more expense. 

2. The boiler plates are allowed to become red hot, as the 
water cannot reach the lower ones, and this leads to rapid corrosion 
and wearing away of the plates and weakening of the boiler. 

3. The deposit or crust may crack, and allow the water sud- 
denly and ged to reach the red hot plates, and this is followed 
Se very rapid generation of steam, and probably bursts the 

er. 


1998.— What material is chiefly used for water mains and how is 
it affected by the water ? 


The material most commonly employed for the main distribution 
pipes is cast-iron. Cast-iron is readily acted upon and caused to 
rust by most waters, and the water, by exposure to the iron, acquires 
more or less of a rusty character. The presence of what little iron 
is actually dissolved is of no significance, and the suspended parti- 
cles of iron rust can hardly be regarded as deleterious to healih, 

The water is, however, sometimes rendered unfit for washing, 
and becomes objectionable in appearance. The action on the pipes 
is so great, especially when soft waters are conveyed through them, 
that they are seldom used now except the surface be protected in 
some way from corrosion. 

1999.— How are cast-iron mains protected from corrosion ? 


The process commonly employed is that devised by Dr. R. . 
Aneus Smitty: the newly cast pipes, which must be free from rust, 
are heated to a temperature of some 500° F. and then dipped, 
perpendicularly, into a hot bath of coal-tar pitch mixed with a small 
proportion of heavy coal oil. Inthis bath they are allowed to 
remain for a short time and then withdrawn. The firmly coherent 
coating thus formed does not afford absolute protection against rust, 
but it has proved very efficient in practice. Of course, from a 
sanitary point of view, this surface is as good a one as could be 
desired 

2000.— Describe a more recently introduced method of preventing 
corrosion ? 


It has been proposed by Professor Barrr, of London, to protect 
articles of iron, among other things water pipes, from corrosion, by 
covering them with an artificial coating of the black oxide of iron. 
The coating is produced by exposing the metal to superheated steam 
at a high temperature, and when once formed it protects the iron 
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from atmospheric and other agencies which would corrode it. If the 
process proves practicable as far as expense goes, it will, no doubt, be 
of great use, especially in protecting iron service pipes. 


2001.—Name some places where CLARK’s process 18 carried out on a 
large scale. 


Caterham, Canterbury, Colne Valley Water Works, etc. 


2002.— What geological formations furnish hard waters ? 


The following geological formations almost invariably yield 
hard waters: 1. Calcareous silurian; 2. Calcareous devonian; 
3. Mountain limestone; 4. Calcareous rocks of the coal-measures; 
5. New red sandstone; 6. Conglomerate sandstone; 7. Lias; 8. 
QOolites; 9. Upper greensand; 10. Chalk. 


2003.— What is there peculiar about the water from clays ? 


The amount of permanent hardness in such waters is always 
great, as the London, Oxford, Kimmeridge and Lower Lias clays; or 
in places where there are large deposits of calcium sulphate, as at 
Montmartre, near Paris, (hence the name Plaster of Paris given 
to desiccated calcium sulphate). 


2004.— What is the average of hardness of the Thames water-sup- 
ply to London ? 


About 14 degrees. 


2005.—What diseases are connected with the consumption of 
waters containing excess of mineral matters ? 


Hard waters produce dyspepsia, constipation, and sometimes 
diarrhoea ; goitre and cretinism are associated with magnesian lime- 
stone formation, but not everywhere, for magnesian limestone occurs 
in Scotland, Lreland and Scandinavia, without the presence of these 
diseases; 1t has been suggested that when iron is m it, a different 
effect may be produced. Calcul and diseases of bones are alleged 
to be caused by drinking such water. Jron in quantity may produce 
headache and dyspepsia. Brackish water from wells near the sea 
may set up diarrhwa.* 


2006.— What are the disadvantages of the use of hard water ? 

There are many disadvantages associated with the use of hard 
water:— 

1. ‘The waste of soap used in washing clothes. 

2. The difficulty of cooking food, especially vegetables with it. 
Tea can be but imperfectly infused in it. 

3. The fact that it is believed by some to cause certain diseases 
—goitre, cretinism, stone in the bladder, dyspepsia, etc. 
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those supplied by soft water. Yet animportant fact must not be 
overlooked, and that is, that the water-bearing strata of four-fifths 
of the world consists of lime, or contain salts of lime which impart 
hardness to water ; therefore the vast majority of people living use 
‘hard water. Usually people become accustomed to the water of the 

lace in which they hve, and only recognise the difference on leav- 
ing it. The effects of this difference in hardness of water should be 
remembered in ordering patients away for a change on account of 
ill-health. 

There iy no doubt that medical opinion has undergone some 
change as to the alleged unwholesomeness of hard waters ; and it is 
now gencrally accepted that cueapenaer | hard waters are injurious 
to the digestive processes, though proof ofthis 1s difficult, and the 
conclusion has been doubted. P 

The use of a water of more than 20 degrees of hardness 
(CLaRK’s scale) is undesirable; and an ordinary good water 
ought not to have more than 15 degrees of hardness. The use of 
water of 25 degrees of hardness is, however, permissible when no 
softer water 1s available. The permanent hardness of a good water 
should not exceed 5 degrees. 


2015.—Whai may be saidin favour of soft waters ? 


There is no doubt that the evidence is conclusive and cogent as 
to the great advantage of soft water over hard for washing, and, 
with some few exceptions, for general manufacturing purposes ; and 
if we were treating of the supply of a town like those in the manu- 
facturing districts of Miglena: where large quantities are required 
for these purposes, the objection tothe present supply (to London) 
would assume a more serious aspect. But the amount of manu- 
facturing industry in the metropolis, of a kind to demand a large 
supply of soft water is exceedingly small in proportion to the 
population, and it must be recollected that the softening influence . 
or boiling largely diminishes the evil. Tc these exceptional cases 
also, the softening process of Dr. CLark would be easily applicable. 

There is no doubt, also, that in personal ablutions ant washing 
generally the use of soft water is more pleasant and economical, but 
we think the latter advantage has been much over-estimated. The 
soap is usually applied out of the water, and therefore it is with the 
small quantity of water adherent to the object washed that we have 
to deal, and not with the total quantity used for rinsmg to remove 
the soap. It is certain, however, that when a soft watcr or rain 
water can be obtained for these purposes, it will always be preferred. 
‘Qn the whole we cannot see that the advantages of soft water 
are of sufficient importance to justify going to a great distance to 
obtain it, in place of the ample supply near at hand.’ 

The Rivers Pollution Commissioners stated that the saving of soap 
the use of soft water is most obvious in the washing of the person ; 
and for baths soft water is undoubtedly most agreeable ad bene- 
ficial. Its superior efficiency to hard water in washing floors and 
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walls is calculated also to promote greater cleanliness in the dwell- 
ings of all classes, both within doors, and externally ; whilst in the 
occasional domestic washing of linen, the smaller preparation neces- 
sary for washing in soft as compared with hard water, the saving 
-of soap waters in a high degree desirable. Thesaving of labour is 
also considerable, and tends to promote cleanliness.* 


2016.—Name the softest waters ? 


Rain water is the softest, but as a rule, lakes yield waters of a 
very low degree of hardness ; thus, Bala Lake gives only 0°28, Glas- 
gow water (Loch Katrine) 0°0, and Manchester (Thirlmere) 2° to 3°. 


2017 — What two diseases have been specially connected with the 
use of hard water ? 


Goitre and cretinism have been attributed to the habitual drink- 
ing of excessively hard water. 


M. Saint Lacer, basing his opinion partly on certain negative 
instances, partly on his own experiments with the soap test, which 
show no relation between hardness of water and goitre, and partly 
on the negative results of experiments on animals with calcium 
sulphate and magnesian salts, denies altogether the connection be- 
tween goitre and calcium and magnesium sulphates and carbonates. 
He states also that M. Grances has now himself given up the belief 
of magnesia being the essential agent of goitre, and argues that 
the constituent of the water which is the actual cause 1s elther iron 
pyrites (ferrum sulphide), or more infrequently copper or some other 
metallic sulphide. And he explains McCLELLAN’s results by the suppo- 
sition, based on an expression of that writer, that in the limestone 
districts of Kumaon the water had traversed the metallferous 
strata of the rocks. Sarnt Lager does not support his opnuon by 
actual chemical analyses, but he brings forward geological evidences 
on a large scale to prove that the endemic appearance of goitre 
coincides with the metalliferous districts. He has also made experi- 
ments on animals with iron salts which do not appear conclusive, 
although he believes he produced in some cases an effect on the 
thyroid. His hypothesis seems to fail from his want of chemical 
analyses. He has made out a case for inquiry rather than for conclue 
sion. 


In some observations made by Dr. FEreuson on the goitrous part 
of the Baree Doab district (a boulder-gravel subsoil), the water is said 
to be largely charged with lime. In the jail at Durham, JoHNsTON 
states “that when the water contained 110 parts per 100,000 (chiefly 
of lime and magnesium salts) all the prisoners had swellings of the 
neck; these disappeared when a purer water, containing 26 parts 
per 100,000, was obtained.” 








* Sixth Report of the Rivers Pollution Commissioners. 
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Goitre may be rapidly produced. Batty noticed that certain 
waters in Switzerland would cause it even in eight or ten days, and 
cases almost as rapid have occurred in other places.* 


Dr. J. B. Witson (late A.M.D.) carried out some inquiries at 
Bhagsoo, Dhurmsala, where goitre prevails extensively. He analysed 
specimens of the drinking water within a radius of ten miles, and 
found them exceptionally pure, only three showing traces of lime, 
and none giving any evidence of magnesia or iron. 


It seems, therefore, that the question is still undecided, and it is 
much to be desired that more extended inquiry should be made, 
with careful analyses, such as have been made by Dr. WiLson—as 
well as records of local and other conditions, which probably contri- 
bute more or less to the production of the disease. — 


2018.—Has Cuiarx’s process any other property besides that of 
reducing the hardness ” 


Yes ; it removes many organic impurities. 


2019.— Give an idea of the relative amounts of each of the agents 
required in the softening of water and the expense entailed. 


1 cwt. of quicklime costs or oe . £0 0 8 
43 cwts. of carbonate of soda cos et a 2 179 
204 cwts. of soapcost ..... ese git ses 471 8 
So that 1 cwt. of lime will doas much as a ton of soap, and of 
course, at a very much less cost. 


2020.— What measures have been proposed to overcome the hardness 
of water ? 


Various remedial measures have been tried, but, with few 
exceptions, not in a sufficiently thorough way. To neutralise the 
acidity of the water it has been exposed to fragments of limestone, 
and the conduits have been lined with the same material, but the 
limestone soon becomes inert, probably by incrustation and frequent 
removal of the surface is necessary. Measured quantities of lime 
have also been added to the water, and powdered chalk has been 
proposed for use in like manner. In pursuance of a recent hypo- 
thesis, the water has been charged with traces of silica by filtration 
through powdered granite or flint. More evidence is needed before 
any final conclusion can be arrived at, and it isat least possible that 
the mischief may not always be due to the same cause. 


* An outbreak of acute bronchocele is recorded by M. CoLin as having 
occurred at Briangon in the Hartes Alpes, France. 

A case of the same disease is also recorded by the AuTHOR in the /ndian 
Medical Gazette for 1881. It was that of a healthy male adult, who having pre- 
viously had a small goitre, suffered from symptoms of urgent dyspnoea, r 
carrying a heavy load 13 miles up-hill, the thyroid gland having increased 
enormously in size in two days’ time. 


CHAP. XXIV. | ORGANIC MATTER IN WATER. 493 
CHAPTER XXIV. 


EXAMINATION OF WaterR—continued. 





OrGanNic MatTER IN WATER. 


2021.— What forme of organic matter are found in water ? 


Animal and vegetable matter, together with the products of their 
decomposition. The nature of these matters is not definitely known 
as many of the compounds are highly complex. 


2022.—Ts it important to know the nature of the organic matter 
present in water ? 


It is very important to know whether the organic matter is 
‘of animal or vegetable origin, and whether the quantity is con- 
siderable. 


2023.— How is this information obtained according to FRANKLAND P 


The only item in water analysis which furnishes direct evidence 
on this head is the “total inorganic nitrogen” according to FRankK- 
LAND’S view. 


2024 —What may be the nature of the organic suspended im- 
purities present in water ? 


Particles of dead animal and vegetable life, vegetable organ- 
isms—bacilli, bacteria, vibrios, micrococci—some harmless, some 
putrefactive and others pathogenic—animal forms—germs, spores, 
ova, animalculex, and variovs forms of protozoa; confervoid growths, 
alge, etc. 


2025.— Of what may the morganic matters consist ? 


Finely-divided silica scales, chalk. peroxide of iron, clay, chalky 
marl, magnesium sulphate and other mineral substances. 


2026.— Which is the most impertant impurity in water ? 

The organic. 

The organic impurities are by far the most important constituents 
of water, and they are the most powerful in producing disease. The 
saline bodies, when in excess, are not without-their injurious effects, 
but when found they are more or less constant and unvarying, can 
be determined with accuracy, and the discases they bring about can 
be readily and with certainty connected with them. Dead organic 
matter may give rise to diarrhea, dysentery, etc., but living organic 
matter in the form of specific micro-organisms may bring about 
specific diseases, such as cholera and enteric fever. 


2027 .—Are we able to define its exact nature ? 


We are not able by chemical means to determine the origin of 
the organic matter. 
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2028.— What bodies are included in the term “organic matters” 


For hygienic analytical purposes they are divided into :—Nitro- 
genous organic matters and oxidisable organic matters, chiefly 
non-nitrogenous. 


2029.— Which is the more injurious in water, animal or vegetable 
organic matter ? 
Animal matter. 


2030.—How are they distinguished ? 


By their effects ; vegetable matter even in large quantities 1s com- 
paratively harmless; animal matter contains a large amount of total 
solids, enlovine and ammonia ; they may also be distinguished by the 
microscope and other methods adopted in water analysis. 


2031 .— What forms of organic matter may be found in water ? 
Vegetable—nitrogenous and non-nitrogenous. 
Animal—all animal matter is to some extent nitrogenous. 


2032.— What is the difference in the products of decomposition of 
non-nitrogenous and nitrogenous organic matter ? 


When organic ‘substances containing no nitrogen are oxidised, 
they are converted into carbonic acid and water—substances which 
in aerated water can, of course, no longer be identified. Nitrogenous 
organic bodies, however, such as sewage and animal matter generally, 
yield, in addition, nitrous and nitric acids, and ammonia; these react- 
ing on mineral substances in the water, form nitrates, nitrites, and 
ammonium salts, which remain dissolved in the water and can be 
accurately determined. 


2033.— What ready means may we use for estimating the amount 
of organic matter by means of permanganate of potash * - 


By finding out what quantity of a standard solution of it is 
discolorised by a litre of water ina certain time. This gives a rough 
estimate of the extent of contamination to which water has been 
subjected by decomposing organic material. As in the case of 
the chloride of gold test, animal matter discolorises more rapidly than 
vegetable. 


2034.— What is the dephenylamine test for oxidised nitrogen ? 


A 2 per cent. solution of dephenylamine in strong sulphuric 
acid is spread out in a thin layer upon a white porcelain plate. A 
drop of the sample water is allowed to fall in the centre, and any 
trace of oxidised nitrogen is revealed in a few seconds by a blue tint 
throughout, or, at the line of contact. 


2035.— Give another simple volumetric test for oxidised nitrogen. 


Half a litre of sample water is evaporated down to 2 C.C. and 
then transferred to a tube inverted over mercury. About 3 0.C. of 
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pure sulphuric acid are passed into the tube, and after shaking, 
all the oxidised nitrogen comes off as nitric oxide, which is measured 
volumetrically. 


2036 —What is FRANKLAND and AxRmMstronc’s method of esti- 
mating the organic carbon and organic nitrogen ” 


FRANKLAND and ARMSTRONG’S process consists in submitting to 
organic analysis, by combustion with oxide of copper in a combustion 
tube, the residue obtained by evaporating the water under exami- 
nation to dryness. The gases—nitrogen and carbonic acid—liberated 
during the combustion are collected in a graduated tube. The 
carbonic acid is withdrawn by the aid of caustic potash, leaving 
the nitrogen, when its volume can be read off. Previous to evapora- 
tion, any ntirates or nitrites are destroyed by the addition of 
sulphurous acid to the water. The above process gives the amount 
of nitrogen present in the form of ammonia and organic nitrogenous 
matter. The amount of nitrogen present as nitrates and nitrites is 
estimated by treating the residue of another portion of the water 
with strong sulphuric acid in a graduated tube standing over 
mercury. On agitating the tube, the whole of the nitrogen present 
in the form of nitrates and nitrites is liberated as nitric oxide, the 
volume of which is read off and halved for the amount of nitrogen. 
As the evolution of hydrochloric acid gas, the result of the action 
of the sulphuric acid on any chloride present, would interfere with 
the result, all the chlorides are destroyed by the addition of sulphate 
of silver previous to the addition of the sulphuric acid. 


2037.—Give the outline of FRANKLAND’S organic carbon and 07 ganic 
nitrogen process. 


A litre of the water is mixed with 30 C.C. of a freshly saturated 
solution of sulphurous acid, and boiled for a few minutes. Such a 
solution of sulphurous acid can be readily and rapidly prepared by 
passing the gas from a syphon of liquefied sulphur dioxide into 
distilled water; these syphons are now articles of commerce. By 
the above treatment the carbonates are decomposed and carbonic 
acid expelled. When the water contains httle or no carbonate, 
0'2 gramme of sulphite of sodium are added before evaporation. 


2038.— What advantages does FRANKLAND claim for his process ? 


Dr. FRANKLAND claims for his process that it is the only one 
which determines with anything like precision the total quantity of 
organic carbon and organic nitrogen present in a water, 7.e., the 
carbon in forms othcr than carbonates, and the nitrogen in 
forms other than those of ammonia, nitrites, or nitrates; and hence 
that it affords a measure of the carbon and nitrogen present in the 
organic matter ina water. In this process the organic carbon is 
oxidised and obtained as carbon dioxide, and the organic nitrogen 
is liberated in the free gaseous state and measured. It is fare 
claimed that the proportion of organic carbon to organic nitrogen 
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-enables the analyst to judge as to whether the organic matter is of 
vegetable or animal origin, since animal matters, as a rule, are richer 
in nitrogen than vegetable matters. But every one of these claims 
has been vehemently contested. 


2039.— What is the general opinion held regarding FRANKLAND’S 
process ? 


In the first place, although it is indubitable that when stable 
carbon compounds, such as quinine and sugar, are added to a water, 
the carbon in the latter and the carbon and nitrogen in the former 
can be determined by the FRANKLAND combustion process with a 
reasonable amount of accuracy, it is by no means certain that the 
minute quantities of carbon and nitrogen present in sewage can be 
determined with anything like the same amount of precision; and 
it is possible that, during the necessary evaporation to dryness of a 
large volume of water, unstable and readily decomposable bodies 
may undergo decomposition, and be lost so far as analysis is con- 
cerned. This criticism has never been satisfactorily refuted; and 
although in a great majority of instances it may have no value, it is 
probable that in some instances it may have great force. As to the 
value of the assertion that a higher proportion of nitrogen to carbon 
is found in animal as compared with vegetable matter, the whole 
validity of the comparison based on the ratios of these two elements 
present rests upon the assumption that the absolute amounts of 
carbon and nitrogen are both determined; and, as has been already 
intimated, this has not been proved. It is remarkable, too, that in 
sea water the ratio of spl ions nitrogen to organic carbon is very high 
indeed—an asserted characteristic of animal, and assuredly of 
deleterious organic matter. Yet it can scarcely be supposed that 
the organic matter in sea water is chiefly or entirely noxious 
animal matter, any more than the organic matter in river water 
unpolluted with sewage. Yet the FRANKLAND process would per se 
lead us to suppose that sea water is dangerously polluted with 
animal matter. FRANKLAND'S organic combustion process is one which 
requires great care and exactitude in its execution. It cannot be 
entrusted to the hands of any but those accustomed to its working, 
and skilled in minute gas analysis. Hence it is seldom employed by 
the Medical Officer of Health, 

With reference to FRANKLAND’s method, SANDER says: “ Without 
a knowledge of the previous history of the water, the relative pro- 
portion (between carbon and nitrogen) is not available as a means 
of deciding as to the nature of the contamination; if, however, the 
previous history of a water is known, there is scarcely need of so 
particular an analysis in order to judge of its character.” For this 
reason F'RANKLAND’S method has not been used to any extent in 
Germany or in England. 

{In general terms it is carried out in two stages which briefly 
are :—1. For the nitrogen present in the form of ammonia and organic 
nitrogenous matter—first, destroy any nitrates or nitrites present by 
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means of sulphurous acid, and then evaporate a given amount of 
the water to dryness; the total residue thus obtained is then heated 
with oxide of copper ina combustion tube, and the nitrogen and CO, 
collected in a graduated tube. The CQ, is absorbed by KOH leaving 
the nitrogen. 


2. For the nitrogen of the nitrites and nitrates, treat another 

art of the water with strong sulphuric acid,and collect the gases 

Ina graduated tube near mercury; the nitrogen comes off in the 

form of nitric oxide; the volume of this is then halved for the 
amount of nitrogen. | 


2040.— Do the fiqures representing the amount of organic carbon 
and oxygen consumed im the same specimen of water 
approach one another ? | 


Frequently they do in a very remarkable manner. Upon _ this 
Dr. FrRaANKLAND states —In the periodical examimation of waters from 
the sme source, | have noticed a remarkable parallelism between the 
proportions of organic carbon and of oxygen abstracted from per- 
manganate of potash. Thus, for many years past, I have seen in 
the monthly examination of the waters of the Thames and Lea sup- 
lied to London such a parallelisin between the numbers given by 
r. Tiny, expressing “oxygen consumed,” and those obtained by 
myself in the determimation of “ organic carbon.” 


2041.—JWVhat is meant by the total morganic nitrogen ? 


The “total inorganic nitrogen” is the sum ot the amounts of 
nitrogen found in the three forms, nitrites, nitrates and ammonia, 
and isto be regarded, after certain deductions have been made, as 
the nitrogen of anunnal matter which existed in the water at a pre- 
vious time. But as the inorganic nitrogen is lable to be reduced in 

uantity if it comes within the reach of the absorbent roots of plants 
the inferences to be drawn from this previous pollution are less 
exact than those based upon the evidence of present contamination. 
As a rule, however, a water which contains anything more than the 
merest trace of inorganic nitrogen must have been polluted by 
animal matter at some previous period, and this “ morganic nitro- 
gen” is a measure of the minimum amount of such contamination. 


2042.—Js it important to know the nature of the organic matter 
present 7 
Yes ;it is very important to know whether the organic matter 
thus destroyed was of animal origi, and if so, whether the quantity 
was considerable. 


2043.—ow is this information obtaimed according to FRaNK- 
LAND P 


The only item in water analysis which furnishes direct evidence 
on these heads is the “ total inorganic nitrogen.” 


32 
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2044.— What are the objections to the ignition process as indi- 
cating the amount of organic matter ? 


The loss on ignition included with other things than the organic 
matter as :— 


CO, from the CaCO, if H,O from a hydrated salt such as 
sulphate of lime which becomes anhydrous, and if acid 
from magnesium salts, if they happened to be present in 
the solid residue—in nitrates NO,. 


2045. — What is FRANKLAND’s opinion regarding the result of the 
organic carbon and organic nitrogen process ” 


That the extent of contamination of water by organic substances 
can be satisfactorily inferred from the carbon and nitrogen con- 
tained in the organic matter. 


2046.—Does this process show accurately the total organic pol- 
lution ¢ 


No; the present contammation is rarely the total organic pol- 
lution. 


2047 .— Js the evidence afforded by the presence of inorganic nitro- 
gen of znportunce ? 


It may or it may not be. Sometimes it becomes of the utmost 
significance. “ Inorganic nitrogen” becomes at times of the utmost 
importance in dealing with these waters, for at times when they are 
most liable to suffer from contamination, the oxidising power of the 
soil may be inadequate to destroy dangerous matters, and what has 
hitherto appeared as evidence of past contamination only may sud- 
denly assume the form of present or actual pollution. 


2048.— Whai amount of nitrogenous organic matter may be allowed 
in water ? 


There should be practically no nitrogenous organic matter in 
water, the limit of albuminoid ammonia being ‘035 of a grain to the 
gallon, and if there be much free ammonia, even this amount of 
albuminoid ammonia should be viewed withsuspicion. [Animal 
matter should always be regarded as injurious to the quality of a 
water, especially if human excrement is the source of the animal 
matter. It is most important that all drinking water be free from 
decomposing organic matter. In such a state organic matter is 
invariably associated with micro-organisms, which when introduced 
into the body may give origin to such diseases as cholera and 
enteric fever. This is particularly liable to occur if the excrement of 
persons suffering from these diseases gains access to the water, and 
we know that there are many ways in which this can occur. {* 


*AcTHOR’s Hygiene af Water and Water-Supply. 
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2049.— What isthe limit of organic carbon and organic nitrogen 
in spring and deep well water laid down by the River 
Pollution Commissioners ? 


‘] of organic carbon. 
‘03 of organic nitrogen. 


2050.— What is the limit of “ organic carbon” and “ organic nitro- 
gen” laid down by the Rivers Pollution Commissioners 
wm surface and river water ? 


Surface water and river water which contains in 100,000 parts 
more than ‘2 parts of organic carbon, or ‘03 parts of organic nitrogen, 
is not desirable for domestic supply and ought to be rejected if 
possible. 


2051.— What is the moist combustion process ? 


That of completely (or almost completely) oxidising organic 
‘bodies by means of permanganates. 


2052.— How is the moist combustion process conducted ? 


One litre of the water is placed in a retort. Before beginning to 
distil, 5 C.C. of the solution KOH are dropped into the water 
contained in the retort and the 5 C.C. of the solution of perman- 
ganate are very carefully measured and lkewise dropped into the 
retort, which 1s then heated and its contents rapidly distilled until 
about 900 U.C. have distilled over. That having been done the 
heating is stopped and the observation is made that the liquid re- 
maining in the retort retain a pink colour. Then 10 C.C. of the 
solution of H,SO, are dropped intothe retort and in a few minutes 
the liquid will become quite colourless. That having been attained 
tthe solution of permanganate of potassium contained in a graduated 
pepette is carefully dropped mto the liquid and the time is 
accurately noted at which the red colour just begins to be per- 
manent. 


2053.— What data are furnished by this operation ? 
1. The total number of C.C. of permanganate used up. 


2. The total number of (.C. of permanganate used up by the 
iron solution. 


The difference between these figures is the number of C.C. of 
permanganate consumed by the organic matter in one litre of water 
or the number of mgms. of active O consumed by the organic mat- 
ter in one litre of the water. . 


Ifthe standard solution of permanganate be added to an acid 
solution containing permanganate of iron, a point will soon be 
reached at which the faint pink colour ceases to disappear on 
shaking tp the ‘solution, but ‘after the lapse of a few minutes the 
pink colour gives place to a brownish precipitate. This last de- 
struction of permanganate is probably due to the formation of ferric 
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acid, but it takes place only after the lapse of time and -the 
only consequence which results is that in permanganate the final 
readings must be immediate and not after lapse of time. 


2054.— What solutions are necessary for the moist combustion 
process ° 


The solution of permanganates of iron—one C.C. absorbing 
1 mgm. of active oxygen, solution of carbonate of potash solution 
containing H,SQ,. 
2055.— What apparatus are needed 2 


One flask or retort, an arrangement for boiling, a litre measure, 
a 5 C.C. pepette to discharge 5 .CC., and a'5 C.C. pepette graduated 
to 0'2 C.C. 


2056.—How is this information obtained according to FRANK- 
LAND 2 


The only item in water analysis which furnishes direct evidence 
on these heads is the “ total morganic mitrogen.” 

This second general method in anything hke common use is 
a method devised by FRANKLAND and ARMSTRONG ; 1t was used in the 
great number of examinations published im the Reports of the 
Rivers Pollution Gommission of Great Britain The method con- 
sisted in evaporating a given quantity of the water, under carefully 
regulated conditions, and in submitting the residue to # process of 
organic analysis by which all the carbon is converted into carbonic 
acid and the nitrogen 1s hberated in the gaseous state. The mix- 
ture of nitrogen and carbonic acid is then analysed by processes 
of gas analysis. The results are stated in so many parts of “organic 
carbon” and so much “organic nitrogen” in 100,000 parts of the 
water, and sometimes the two amounts together are spoken of as 
the amount of the organic *‘ elements ” 

Suppose one litre of the water was placed in the retort, and 
5 C.C. of the potash solution and 5 C.C. of the permanganate solution 
were added. The distillation was then continued till only a small 
bulk of liquid (100 C.C.) remained in the retort; 10 0.6. of the 
sulphuire acid was then added, and 5 C.C. of iron solution, which 
rendered the liquid quite colourless. When the permanganate solu- 
tion was runin until a red colour just formed and did not vanish 
on shaking up: 3'7 C.C. being required for this purpose 


We have therefore :— 


Total permanganate used ia ; 
Permanganate used by the 5 C.C. of iron solution 


er 00 © 


C. 
ie 
‘0 





Permanganate consumed by the organic matter in 
litre of water . . ° ° ; . 


Or, one litre of this sample consumes 3°70 milligrammes of 
oxygen. 
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2057 .— What is the degree of accuracy of FRANKLAND's and ARM- 
STRONG'S method ? 


It is true that, if we have the amount of organic nitrogen and 
‘carbon, we come nearer to having the amount of organic matter 
than is possible by any other means; but, as has been already said, 
itis, atter all, not the amount, but the character, which is to be 
‘considered. In this method of analysis, the character and probable 
origin are inferred from the relative proportion of carbon and 
nitrogen. Thus, in waters which were rendered impure by the pre- 
sence of extract of peat, the pide amount of nitrogen was to the 


amount of carbon as 1:11 9, while the proportion mm sewage was 
as 1:1: 8. 


2058.— What are the disadvantages of the combustion processes ? 


Combustion processes involve costly and delicate apparatus, and a 
considerable degree of skull. 


2059.—How may we interpret the results of combustion pro- 
cesses “ 


The significant points are the absolute and relative amounts of 
organic carbon and organic nitrogen. The lower the proportion of 
nitrogen to carbon, and the less the amount of each, the more favour- 
able is the verdict, other things being equal. A low proportion of 
nitrogen to carbon, 1 to 8 indicates vegetable organic matter; a 
high proportion such as Lto 3 is pretty certam proof of animal 
pollution. A river or surface water should not contain more than 
O'2 orgamic carbon or 0°03 orgamec mtrogen. per 1,00.000. In 
forming conclusions. due weight must be given to the other analytic 
data, especially the determination ot chlormdes and oxidised nitrogen 
and to the other evidence obtainable, such as the position and 
surroundings of the source of supply, the facilities for pollution, 
and the depth and geological characters of the strata from which it 
is derived. 


2060.— What data give us fairly accurate information regarding 
the amount of organic matter present ? 


From the amount of the total residue, the quantity left after 
ignition, the amount of blackening produced, and the odour, a very 
fair opmion can be formed as to the amount of organic matter present, 
and whether it is of animal or vegetable origin. 


2061.— According to FRANKLAND’s test what is the proportion of O 
to N in sewerage ? 
It is always less than 3 of carbon to 1 of nitrogen. 
2062.—Whai should be the proportion of C to N in wholesome 
water ? 
These never should be less than 7 of carbon to 1 of nitrogen. 
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2063.— What ie included in the term “ total combined nitrogen”? 


Total organic nitrogen and nitrogen, such as occurs in com- 
bination with nitrites, nitrates, and ammonia. 


2064.— What may be said as to the relation between the ratio of 
C to N in water as ascertained by FRANKLAND’S method ? 


That the lower the ratio of C to N the more dangerous is the 
uality of the waters, for example, 5to lis far more serious than. 
0 to l. 


2065.— How else may the amownt of organic matter in water be 
estimated quantitatively ? 


A rough quantitative estimate is obtained by determining the 
combustible matter in the “tota] sold residue.” Fifty C0. of 
sample water are measured into a platinum dish of known weight (A). 
They are then evaporated to dryness over a water bath in the course 
of an hour or more, and the weight (B) of the dish and its now dry 
contents are ascertained, B—A is the weight of the total solid 
residue, that is, of the organic matter and mineral salts. The dish is 
next heated to redness, to burn off the organic matter, and weighed 
again (C) after cooling. The Joss on ignition, that i, B—C, will give 
the amount of organic matter in the volume of water taken. The 
proportion of organic matter pér litre, or per gallon, is readily 
shown from these data. 


2066.—Give an example of the working of this test ? 


50 C.C, - 1000C.C. 2: B—C : X, 
Volume taken. a litre. mers. lost on ignition. 
it bemg the proportion of organic matter expressed as parts per 
million, or milligrammes per hitre. During ignition the organic 
matter turns brown, or even black, before disappearing, and if of 
animal origin it gives off pungent fumes. 


2067 .— What ie Horsity’s test for oxidised nitrogen ” 


Two C.C. of pure sulphuric acid are added to 1 C.C, of the water, 
and then a drop of pyrogallic acid solution. A pink or blue tint 
appears, changing to brown; it disappears momentarily upon 
shaking, but soon returns. 


2068 .— How is the nature of tne oridisable matter in water de- 
termined ? 


The oxidisable matter in water consist of oxidisable organic 
matter, nitrites, ferrous salts, and hydrogen sulphide. The last can 
be easily recognised by the smell and got rid of by gently warming 
the water. Ferrous salts are rare, but if present they impart a 
distinct chalybeate taste to the water, if their amount reaches the 
fifth of a grain ofiron per gallon (about 0°3 parts per 100,000). 
Generally their presence may be disregarded. ere remains there- 
fore the oxidisable organic matter, and nitrous acid as nitrites. For 
determining these, the potassium permanganate is very convenient. 


r 
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2069.—Js the distinction between animal and vegetable organic 
matters in a water an easy matter ? 


No; it is often only made with great difficulty if at all. Gener- 
ally it may be said that when excess of organic matter in a water 
co-exists with excessive total solids chlorine and ammonia, the source 
of pollution in animal filth or sewage. When on the other hand exces- 
sive organic matter is not accompanied by excessive total solids, 
chlorine, and ammonia the source of pollution is probably vegetable ; 
and this diagnosis may be confirmed by the results of physicalh 
examination of the water and by microscopic examination of the 
suspended matters and sediment. 


2070.— What is the best method of determining the organic purity 
of water ? 


The chemical world 1s now greatly divided in opimon as to the 
proper method of determining the purity of water, and chemists are 
generally ranged on two sides—one agreeing with FRANKLAND and 
ARMSTRONG in the process which they have devised, and the other 
preferring the process apphed by Wanktyx, CiapmMan, and on the 
ammonia process. 


In a recent discussion on this subject, it has appeared 
that many of the practical chemists of the day adopt the latter 
process, and also that they object to the mode adopted by FRANK: 
LAND in expressing the quantity of nitrogenous clements in water 
by the phrase, ‘previous sewage contamination,’ both as imply- 
ing that the nitrogenous material was necessarily derived from 
sewage and that nitrogenous material origmally derived from 
sewage may not have become harmless. 


2071.-— How does Frankurnxn determine the organic matter 7 


As so much organic carbon and organic nitrogen. He detains 
the organic matter by destroying the molecules by the acid sulphate 
of soda, and evaporates it to dryness, burns the residue by means 
of oxide of copper and chromate of lead; the Nand COg are then 
calculated. 


2072.—Is the result oblained ax reyards the quantity of inorganic 
nitrogen always correct ? 


It is not, because the quantity of ‘ inorganic nitrogen” at the 
moment of analysis is often much less than that originally contained 
in the animal matters which have undergone oxidation. This is 
sometimes duc to the reduction of nitrates and nitrites to elemen- 
tary nitrogen, by subsequent access of fresh organic matter to the 
water, and sometimes to the removal by aquatic plants. 


2073.— What is the ordinary test for the presence of oxidisable 
organic matter ? 


1. Solution AuCl, ten to one in water boiled for ten minutes 
gives a pink varying to purple and black. This tells us that there is 
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oxidisable matter, but not the nature of the matter. Four agents may 
respond to this test: (1) Oxidisable organic matter in any form ; (2) 
Ferrous salts (unlikely) H,S or alkaline sulphides, test for each sepa- 
rately ; (3) Nitrites and nitric acid (the most probable) ; we must test 
for these. This is not a quantitative but a qualitative test. 


2074.— What is meant by the oeygen or FoRCHAMMER process ? 


This process. first suggested by ForcHAMMER, depends upon the 
estimation of the amount of oxygen which a known volume of the 
water abstracts froma standard solution of permanganate of potash. 
With waters of a similar character the oxygen process furnishes a 
ready and fairly efficient means of comparing their relative organic 
purity, but ic is not trustworthy when wuters of heterogeneous 
origin are submitted to it. 

The amount of * oxygen abstracted” can be ascertained with 
great exactitude and little trouble. It 1s, however, essential to em- 
ploy an excess of permanganate, and to allow the action to go on for 
a considerable time. ‘The amount of permanganate in excess can be 
accurately determined by the employment of hyposulphite of soda 
and the iodine and starch reaction, as recommended by Troy. [The 
potassic permanganate cannot long maintain its full value, and must 
therefore be re-standardised at short intervals, whilst the sodic 
hyposulphite loses strength so rapidly, that its value has to be 
re-determined by a blank experiment foreach set of analyses under- 
taken. | 


2075.—Dors this distinguish the different kinds of organic matter ” 


No : for recent sewage, nitrites, H,S, and ferrous salts, all 
reduce and discolour the permanganate solution by removing the O. 


2076.—-What are the equivalents of the permanganate solution 
requued for the determination of aomidisuble matter im 
water, and what ure the other solutions required in the 
process ” 
(a) Permangunate Solution. 
0°395 of potassium permanganate in 1 litre of water. 
100 C.C. are exactly decolorised by 100 C.C. of oxalte acid 
solution. 
1 C.C. of permanganate solution used with acid yields 0°10 
milligramme of oxygen. 
1 C.C. of permanganate solution used with alkaliyields 0:06 
milligramme of oxygen. 
1 C.C. of permanganate solution exactly oxidises 0:2875 
mgm. nitrous acid! NoO,). 
1C.C. of permanganate solution exactly oxidises 0°2125 
mgm. hydrogen sulphide (H,S). 
1 C.C. of permanganate solution exactly oxidises 0°7000 
mgm. iron (Fe). 
1 C.C. of permanganate solution exactly oxidises 0°9000 
mgm. ferous oxide (FeQ). 


sd 
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(6) Potassium LTodide Solution.—A 10 per cent. solution of the 

ure potassium iodide, recrystallised from alcohol. 

(c} Dilute Sulphuric Acid.—One vclume of pure sulphuric acid is 
mixed with threc volumes of distilled water, and permanga- 
nate solution dropped m until the whole retains a very faint 

ink tint after warming to 80° F. for four hours. 

(d) Solin Hyposulphite.—One gramme of crystallised sodium 
hyposulphite dissolved in 1 litre of water. 

(e) Starch Solution —One gramme of starchto be intimately 
mixed with § litre of distilled water, the whole boiled brisk- 
ly for five minutes, filtered, and allowed to settle. 


2077.—How is the standard volumetric solution for the owygen 
process prepured ? 
Standard volumetric for oxygen process ; 395 germs. of potas- 
sic permanganate ix dissolved ma htre of water. Each C.C. con- 
tains ‘0001 grms. of available oxygen. 


2078.— What reagents are essentially required for the oxygen 
process * 


A solution of potassium permanganate 1s required, which in 
presence of an acid is capable of yielding 01 milhgramme of oxy- 
gen for each C.C. 


2079.—How is the test conducted 7 


Take a convenient quantity of the water to be examined, say 
250 C.C. ; add 3 C.C. of sulphuric acid ; drop in the permanganate 
solution from a burette until a pink colour is established ; warm the 
water up to 140° Fahr. (60° C.\, dropping m more permanganate if 
the colour disappears ; when the temperature reaches 140° Fahr. 
remove the lamp ; contmue to drop in permanganate until the colour 
is permanent for about ten minutes. Then read off the number of 
C.C. used, multiply O'l to get the milligrammes of oxygen, and by 4 
to get the amount per litre. 


2080.—Give an example of the working of this teat 7 
Suppose 250 C.C. of water, with 3 C.C. of sulphuric acid, re- 
quired 35 C.C. of permanganate to give a permanent colour ; 
35 xX OL xk 4= I4 mihgrammes of oxygen per litre required for 
total oxidisable matter, 14 «x 0:10:14 per 100,000. 
It must be remembered that this includes both organic matter 
and nitrous acid. We must now diffcrentiate these. 


2081.—How muy we estimate the organic oxidisable matter in 
terms of oxygen required for its oxidation ? 

Take 250 C.C. of water to be examined ; add 3 C.C. of sulphuric 
acid as above ; boil the water briskly for twenty minutes ; allow it to 
cool down to 140° Fahr. (60° C.) ; then add the permanganate until 
a pink colour is established for ten minutes. Calculate the oxygen 
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as above, stating the result as milligrammes per litre required for- 
oxidisable organic matter, or, shortly, as organic oxygen.* 


2082.—From this result how may the amount of oxygen con- 
sumed per litre be determined ? 


As 8 quarter of a litre of the sample was taken for each analysis, 
four times this result will give the “ oxygen consumed” in milli- 
grammes per litre—that is, m parts per million. 


2083 .— What reagents are required for the ordinary quantitative 
test for the total oxidisable matter in terms of onygen 
required for its omdation ? 

A solution of potassium permanganate is required, which in 


presence of an acid is capable of yielding 0°01 centigramme of 
oxygen for each C.C. 


2084.— How is the test carried out ” 


Take a convenient quantity of the waterto be examined, say 250 
C.C., and 3 C.C. of sulphuric acid ; drop in the permanganate solu- 
tion from aburette until a pink colour is established, warm the 
water up to 140° F. (60° C.), dropping in more permanganate if the 
colour disappears ; when the temperature reaches 140° F. remove the 
lamp, contimue to drop in permanganate until the colour is perma- 
nent for about ten minutes. Then read off the number of C.C. used 
and multiply by 0°04 to get the amount per 100,000. 


2085.— Explain the reuction occurring. 


The reaction occurring is that the permanganate of potassium 
give up oxygen on the addition of the sulphuric acid reducing it toa 
permanganate of potassium, and forming sulphate of potassium. 


2086.—(Give the formula representing the reaction. 
2KMnO, + 3H,SO, = 2MnSO,+ K,SO, x 3H,O + 50. 
2087.—Suppose no acid was added, what would be the reaction ? 


Only three atoms of oxygen would he set free from the 
potassium Aa ; thus, 
2K MnO, + H,O = MnO, + 2KOH x QO, . 


2088.— IVhat is ihe reaction occurring on the addition of the aul- 
phuric acid ant permanganate of potussvum to the water ? 
2(KMnO,) + 3(H,SO,) = K,SO, + 2(MnSO,) + 3(H,O) 
- 
2089 — What reaction occurs if the perminganate only is added to- 
the water ? 


9(KMnO,) + H,O = 2/MnO,) + 2(KHO) + Os. 








* Parkes’ Practical Hygiene, 7th Kd. 
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2090.— Why therefore is the acid added ? 


To increase the volume of oxygen set free—one molecule more 
being evolved on the addition of the acid. 


2091.—Ilow much O is represented in the permanganate solution ? 


Each C.C. represents 0001 gramme of oxygen of which one 
atom oxidises one molecule of NO, and NOg. 


2092.— What is the most convenient and practicable method of 
determining the oxidisable organic matter in water ” 


The permanganate process is the only one that is practicable for 
medical officers, that gives us any measure of the oxidisable organic 
matter in water, and is, in the presentstate of our knowledge in- 
dispensable, imperfect though its indication may be. It is certainly 
an aid to our judgment of the condition of a drinking water, being 
to FRANKLAND’s carbon process something the same as the albumi- 
noid ammonia method is to his nitrogen one. FRANKLAND has fully 
acknowledged this relation in his latest work, and has proposed a 
series of factors by which to multiply the oxygen absorbed, so as to 
express the result in terms of organic carbon. These factors are 
based on the observed relations between the two processes in a very 
large number of experiments, and are formed by dividing the 
average carbon by the average oxygen. The factors differ for 
different kinds of water in the following proportions :-- 


; Cc 
River water, oO = 2°38 
rhe water, ». am 180 
Shallow-well water. » = 298 
Upland surface water, ,, = 1°80 


so that ] centigramme of oxygen absorbed indicates a probable 
amount of only 18 of organic carbon im an upland surface water, 
but as much as 5°8 m a deep-well water.* 


2093.— What precautions are necessary in the permanganate 
processes ? 


The sulphuric acid and permanganate must be added to 
the water from the very commencement, in order not to lose 
nitrous acid, which may be driven off as the water is being heated. 
The faintest tinge of colour that can be distinctly seen ought to be 
accepted, provided it remains for ten minutes. Care must be taken 
to add the sulphuric acid in every case at the beginning; if this is 
not done a brown colour is struck which spoils the experiment. 
Sometimes this colour appears, even after acid is added, and is then 
probably due to excess of organic matter ; dilution with distilled 
water sometimes remedies this. . 


* Parkes’ Practical Hggiene, 7th Ed. 


308 WATER, [PART I, 


2094.— What should be the limit of oxygen absorbed in a géod 


water ? 


This ought not to exceed about 0°0250 per 100,000 for organic 
matter alone,—that is, after deducting any that may be absorbed by 
nitrous acid if present. This latter, however, should not be 
present in a water of the first class. The experiment to be done 
with permanganate and acid at a temperature of 140° Fahr. 
(60° C.). 

2095.—IVhat is the method recommended by the Society of Public 
Analysts for determining the amount of oxygen required 
to oxidise organic matter ? 


\ 





T'wo separate determinations are made—the amount of oxygen 
absorbed during fifteen minutes, and that absorbed during four 
hours ; both being made at a temperature of 80°F. (26° C.). 
These are made in 12 oz. soppere bottles. Put 250 C.C. of the 
water into each of two of the bottles ; stopper and immerse in a 
water bath until the temperature reaches 80° F. Now add to the 
water 10 C.C. of dilute sulphuric acid (1I—3), and 10 C.C. of a solu- 
tion of permanganate of potassium (0395 gramme per litre). 


Fifteen minutes after the addition of the permanganate, one of 
the bottles is removed trom the bath, 2 or 3 drops of a solution of 
the iodide of potassium 1s added. The quantity used will represent 
the quantity of theosulphate solution equivalent to 0°00395 gramme 
permanganate, or ‘U01] of available oxygen. 


The calculation of the results is as follows :— 


Let X = number of C.Cs of theosulphate used im the distilled 
water. 

Y =number of C.Cs. of theosulphate used in the water under 
examimation. 

Then if 10 C.C. of the permanganate solution were used 

X—Y +02 


Xx = grains of oxygen required to oxidise organic 
matter in one gallon ofthe water. 


If 20 C.C. of permanganate were used, 2 X must be substituted 
for X in the above equation. if 30 C.C. substitute 3 X, and so on, in 
making the calelation.* 


Let a = number of C.C. theosulphate required in blank experi- 
ment. C. = 10 C.C. permanganate. 


6 = number of C.C. theosulphate used in titration of the water. 


Then ono =x grains of oxygen per gallon required to 


oxidise organic matter. 


EE ena 


# Journal of Chem. Soc. Trans. Vol. XX XV, 1879, p. 46, quoted in FRANK- 
LAND’s Water Analysis, 6th Ed 
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2096.—Name a particular circumstance under which the “ owygen 
consumed” is of value. 


In differentiating between water contaminated hy sewage and 
ammoniacal deep spring water. 


2097 — What is the object of Tivy’s process ? 


The object is to determine the amount of oxygen absorbed in 
1 hour and 3 hours, respectively. 


2098.— What precantion is to be always adopted ? 


As the hyposulphate solution is liable to ehange, it is necessary 
to perform a blank test with distilled water every time. 


2099.— [What reagents are needed for Troy’s modification of 
i FoRCHAMMER’S Permanganate process for determination 
of oaygen required to oxidise organic matter ? 


This process is carried out in various ways. The following is 
the method as advised by Dr. Trp\. who has specially investigated 
the process 

The following solutions are required (for the quantities given 
by Dr. Tip) in grains and septems are substituted grammes and 
cubic centimetres) -— 

1. Dilute sulphuric acid: 1 part of pure sulphuric acid with 
3 parts of distilled water. 

2. Solution of permanganate of potassium (286 gramme per 
htre, 10 C.C. = 714 miligramme of available oxygen. 

3. Solution of iodide of potassium, free from 1odate : 1 part in 
10 parts of water. 

4. Theosulphate of sodium (hyposulphite) :0°77 gramme in a 
litre of distilled water. 

6 Starch solution, carefully prepared : about 14 gramme m 
100 C.C. of water. 


2100.— What precaution is necessary in this test ? 


To see that the KI is pure, and that it does not contain any 
of the 10date. 


2101.— How is Tivy's process carried out ? 


Four flasks are employed, two of wlich contain 250C.C. of 
sample water, while the other two contain 200 C.C. of distilled 
water for the control experiments. To each flask are added 10 C.C. 
of permanganate solution (A), and 10 C.C. of dilute sulphuric acid 
(E). If the water is very bad, the pink colour due to the perman- 
ganate may soon entirely disappear, and in thisevent a second and 
even a third 10 C.C. of permanganate must be added, so as always 
to have a pink tinge throughout the experiment. At the end of an 
hour one of the samples and one of the control flasks are tested to 
ascertain how much undecomposed permanganate remains to be 
deducted from the total used. For this purpose 2C.C. of iodide 
solution (C) are added, and the remaining permanganate imme- 
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diatély acts upon it, liberating a proportionate amount of free iodine. 
The iodine is measured with precision by dropping in the standard 
hyposulphite solution until no more free iodine remains, the exact 
oint of disappearance of the last trace of iodine being ascertained 
y adding 2 C.C. of starch solution (D) near the end of the process, 
and noting disappearance of the blue iodide of starch. 


2102.— How does permanganate of potash act in this reaction ? 
The H,SO, reduces it toa manganese sulphate and potassium 


on. _+3H,So0,=2MnSo0,+K,80,4+3H,0+50. 
lf no acid were added the reaction would be: 
_+2H,0O=2Mn0,+2KOH+0, ° 
Therefore without the aid of the acid we only get 3 instead of 4 
atoms of oxygen. 


2103.— How do we interpret the results of the oxygen process ? 


Not only organic matter, but also nitrites, ferrous salts, or 
sulphuretted hydrogen will reduce permanganates, and these latter, 
if present, must be removed or allowed for. No distinction is made 
between nitrogenous and non-nitrogenous organic matter. In 
London waters the: organic matter is said to be about eight times 
the ‘oxygen consumed.” It seems that putrescent matters, nota- 
bly urine and other animal matter, are readily oxidised by perman- 
ganate, sothat while the three hours’ experiment gives informa- 
tion as to the total amount of organic matter, the one hour reaction 
is important as indicating the proportion of putrescent and, there- 
fore, presumably dangerous impurities. Sometimes four hours are 
allowed instead of three, and quarter or half an hour instead of one 
hour. Peaty waters consume much oxygen. 


Asin all other modes of estimating the organic matter in 
water, the results of the oxygen process must be considered together, 
with the other analytic data and the source of the water. Ina 
general way, Tipy classifies waters as of great organic purity if the 
oxygen consumed does not excced 5 part per million, of medium 
purity if not exceeding 1°5 part of doubtful purity up to 2:0 parts, 
and as impure, if the oxygen consumed exceeds 2°0 parts per miilion. 
Upland surface waters, however, (the organic matters being less 
jikely to he harmful) are judged by a more lenient standard, the 
degrees of which are double those given above, namely, 1:0, 3°0, and - 
40, in place of 05, 1°5, and 2°0. 


r—lt has been stated that there we a definite relation between the 
absolute weight of different organic matters and the oxygen 
they abstract from KMnO,, can this dictum be borne out 7 


It cannot. FRANKLAND says: This assumption has been conclu- 
sively proved to be entirely fallacious, for it has been experiment- 
ally demonstrated by operating upon known quuntities of organic 
‘substances dissolved. in water, that there is no relation either 
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between the absolute or relative weight of different organic matters 
and the oxygen which such matters abstract from permanganate of 
potash. 


2105.— What are the ways in which permanganate solution may be 
weed in testing water ? 


1. For roughly indicating the amount of organic matter present 
by the time in which change of colour is produced. 

2. In combination with alkalies as alkali permanganate solu- 
tion, in the albuminoid ammonia process of WANKLYN and CHAPMAN. 

3. In the presence of sulphuric acid in which the amount of 
organic matter is expressed as the amount of oxygen required to 
oxidize it. 


2106 .— Give the late Dr. Tipy’s conclusion as to the respective merits 
of the various processes for the determination of organic 
matier in water. 


1. As regards the ammonia process, an absolute or nearly 
absolute freedom from albuminoid ammonia is for the most part an 
indication of organic purity. Nevertheless, many waters which are 
very impure give a trace only of albuminoid ammonia, whilst some 
which are very pure give large quantities of albuminoid ammonia. 
Its results, eon are marked by singular inconstancy. 


2. That the ammonia process allows of no sufficiently large 
scale whereby the finer grades of purity or impurity can be recog- 
nised and classified. The errors arismg from many causes—such 
as, amongst others, the ammonia present in the permanganate solu- 
tion itself, the difference in time required by different organic 
bodies for their complete destruction, the chances of the organic 
nitrogen becommg oxidised, the constant multiplication of errors of 
observation resulting from collecting several distillates in which the 
ammonia is to be severally determined. and which errors are again 
doubled in order to convert results into parts per million—form an 
array of difficulties likely to lead to serious errors, seeing that the 
range (viz., from 0°05 or 0°1 part per million) between the waters of 
ee organic purity and dirty waters is comparatively 
small. 


3. That, as regards the combustion process, the necessity for 
evaporating the water to dryness constitutes a difficulty, the 
chances being that some of the organic matter, and possibly that 
subtle form of organic matter specially active in producing disease 
—the very organic matter, in fact, the detection of which the 
sanitarian expects from the chemist—may be either mechanically 
carried off, or volatilised, or oxidised, or even destroyed under the 
peculiar conditions of the evaporation. 


4, That, barring this objection, the estimation of the organic 
carbon in the water residue is trustworthy, repeated experiments 
with the same water yielding constant results. 
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5. That the estimation of the organic nitrogen is by no means 
so constant, the possibility of the nitrate not being completely re- 
duced, especially when present in quantity; of impurities in the sul- 
phurous acid solution; of occluded nitrogen in the metallic copper; 
and, lastly, the necessary error of experiment, constituting a series 
of difficulties which must somewhat impair the nitrogen se a 
tion. 

6. Under such circumstances, the process can scarcely be con- 
sidered to yield absolutely trustworthy evidence (unless the organic 
nitrogen be beyond a certain quantity) on which to found an opinion 
as to the probable source of the organic matter in the water. 


7. As regards the oxygen process, he claims for it that it is 
conducted on the original water and without the application 
of heat. Hence we avoid the evils both of gain and of loss arising 
from, and incident to, the evaporation of the water to dryness at 
high temperatures. Moreover, the analysis can be conducted with 
the smallest possible amount of handling, or of pouring the water 
from vessel to vessel. 

8. That the process gives results of great constancy and of 
extreme delicacy. They admit, moreover, of a very wide scale in 
their classification., 

9. That the oxygen process allows us to draw a sharp distine- 
tion between the putrescent or readily oxidisable organic matter, 
which is the more hkely, touse Dr. FRaANKLAND’s term, to be ‘ perni- 
cious,’ and the non-putrescent or less readily oxidisable matter, which 
is probably harmless so far as its action on the human body is con- 
cerned. 

10. That the general inorganic constituents of the water have 
no action on potassic permanganate. 

11. The inorgame constituents most hkely to be present in a 
water that would mterfere with the estimation of the organic 


matter by potussic permanganate are nitrites, metallic protoxides ° 


(especially ferrous salts), and sulphuretted hydrogen, all of which are 
certain to be detected in the course of a proper and complete water 
analysis, and corrections made accordingly. 

12. That in the oxygen process the only modifying circum- 
stances are those which would render the oxygen required by the 
water excessive, and that therefore, although we might be led to 
report unfavourably on a harmless water, the results obtained 
would never lead us to report favourably on a bad water. 

13. That whilst he does not consider that the oxygen process 
can be employed with scientific precision as a direct quantitative 
test of the total organic impurity of a water, nevertheless the results 
afforded by it indicate with sufficient precision the comparative 
quantity present likely to be injurious do tiealth. 

14. That the results obtained by the oxygen process must at all 


times be controlled by the natural history, as well as by the general, 
chemical, and physical examination of the water. 


ad 
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15. ‘That, so far as the three processes—viz., the combustion pro- 
cess, the ammonia process, and the oxygen process—are concerned, 
the oxygen and the combustion processes give closely concordant 
results, whilst the results yielded by the ammonia process are often 
at direct variance with both. Various arbitrary standards have 
been laid down defining the amounts of organic matter, as measured 
by one or other of its elementary constituents, permissible in drinking 
water. All are more or less unsatisfactory ; for it 1s the kind rather 
than the amount of organic matter that renders this injurious. 

All recent advances in medicine point to the presence of organ- 
ised organic matter, or po definite chemical bodies, the pro- 
ducts of changes evoked by organisms, as the potent factors in pro- 
ducing those diseases referable to the use of polluted water. 

Hones standards having reference to the quality rather than the 
‘quantity of organic matter present in waters are desirable; but no 
such satisfactory standards have been hitherto devised. 

(There are, however, the three modes of detecting, or rather 
gauging, the quantity of organic matter present in a water already 
described ; and these. by the aid of other data often available, 
‘enable the practitioner in public health to arrive at a satisfactory 
conclusion as to the potability or the probable noxious character of a 
water. 

These methods are the organic combustion process of Dr. 
FRANKLAND, the WANKLYN process, and the permanganate process, 
respectively, and are commonly known by the names of those 
chemists, the permanganate process being often referred to as 
Dr. Trpy’s, he having improved upon the older permanganate pro- 

‘cesses previously used. |] 

The assessment of the values to be attached to each of the deter- 
minations of a water analysis, and the whole determinations collec- 
tively, is asubject on which the greatest diversity of opinion has 
‘existed among chemists, and which stilleaists to some extent. 

Tt is chiefly over the determinations of organic matter, and the 
‘determinations, such as the amount of oxygen absorbed trom per- 
manganate, which serve as indexes to the amount of organic 
matter, though not directly serving as measures of this, that the 
battle of water analysis has raged mostfuriously ; but most, perhaps, 
of all as to relative values of the figures obtained by the Frank.Lanp 
combustion and the WanxkLyn albuminoid ammonia processes. 

A water must be judged—so far as it can be judged by analy- 
sis alone—by the whole results of the analysis and not by one 
‘constituent, i it organic nitrogen or albuminoid ammonia alone.* 

Dr. Stevenson deprecates the attempt made by the late Mr. 
WIGNER and by other members of the Society of Public Analysts 
(Vol. TTI) to attach a numerical value to the amount of each 


*A Treatise on Hygiene and Public Health, by Drs. Stavenson and 
Muargy. Article rated Water, by Dr. F. STEVENSON. 
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of one of the important constituents, such as total solids, hard- 
ness, chlorine, ammonia, etc., and then to assess the impurity of a. 
water by a summation of those numbers, e.g., saying that the impu- 
rity of a water is 20, 10, 17, etc., as the case may be. 


2107. — What is considered to bea rough test for recent sewage 
contamination ? 


The “rapid” decoloration of a solution of permanganate of 
potash. The water is first to be acidulated. The test should be 
conducted at a temperature of 140° F. 

[.N.B.—This in realty shows the presence of much fresh organic 
matter, most likely of sewage origin. It should be remembered, how- 
ever, that the same reactionis given by H,S8, ferrous salts, and 
nitrous acid (nitrites) in water, the presence or absence of which 
should be determined and allowed for.) 


2108.— Whatis the nature of the organic sewage gases which may 
gain «access to water ? 


The nature of organic vapours is not exactly known, and 
their properties have not yet been ascertained. They arise from the 
decomposition of sewage organic matter, the composition of sewer 
vapour being principally various undefined carbo-ammoniacal com- 
pounds having the odour of putrid animal matter. 


2109.— What is the most dangerous impurities of water ? 


Ot the hurtful substances the suspended animal, and especially 
feecal matters, are probably the worst. At least, it is remarkable how 
frequently, both im optbreaks of diarrhoea and typhoid fever, the 
reports notice turbidity, discoloration, and smell of the water. It is 
this fact which makes the examination of colour and turbidity im- 
eats The thoroughly dissolved organic matters appear less 

1urtful ; at least there 1s some evidence that perfectly clear waters, 
though containing much matter dissipated by heat, and consisting of 
dissolved organic matter or its derivatives, are often taken without 
injury, Probably, also, the more recent the feecal contamination, the 
more injurious, since the most poisonous attacks on record have 
been im cases of wells into an after slow percolation for some 
time, a sudden gush of sewage water has taken place. 


2110.—Of unimal impurities in water upon what does the degree 


of danger depend ? 


Dpon the quality and nature of the animal matter rather than 
upon the quantity. . 

So far as chemical analysis can show, the whole of the animal 
matter may have been oxidised and converted into mineral] and innocu- 
ous compounds at the time the analysis is made; there is, however, 
always a risk lest some portion (not detectable by chemical or micro- 
scopical analysis) of the noxious constituents of the original animal 
matters should have escaped that decomposition which has resolved 
the remainder into innoxious mineral compounds. But this evidence of 
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previous contamination implies much more risk when it occurs in 
water from rivers and shallow wells than when it is met with in the 
water of deep wells or of deep-seated springs. In the case of river 
water there 1s great probability that the morbific matter, sometimes 
present in animal excreta, will be carried rapidly down the stream, 
escape decomposition, and produce disease in those persons who 
oink the water ; as the organic matter of sewage undergoes decom- 
position very slowly when it is present in running water. In the 
case of shallow well water also, the decomposition and oxidation 
of the organic matter are liable to be incomplete during the rapid 
passage of polluted surface water into shallow wells. 


2111.—Jf sewage contamination is suspected, what other investiga- 
tion should be carried out ? 


A qualitative examination should be made for phosphates. 


2112.— Discuss the subject of the danger of decaying organic matter 
in drinking water. 


With reference tothe danger from the presence of decaying 
organic matter in the drinking water, we must distinguish between 
the organic matters from different sources. First in importance, no 
doubt, is excremental matter from human sources. The evidence 
seems very strong that the dejections of persons who are sick with 
certain particular diseases may communicate the disease to others if 
they ure taken into the stomach. [do not know that there is any 
proof that fresh sewage from healthy persons, when largely diluted, 
is injurious if drunk. We know that fish sometimes gather about 
the mouths of sewers, and seem to thrive; we know, however, that 
decomposing sewage drives away the fish and, with our present light 
we can hardly fail to believe that decomposing excremental matter, 
even if it contain no specific organic poison, is detrimental to 
health when taken into the stomachs of human beings. 


Next in importance to excremental matter is animal refuse, such 
as forms the waste from slaughter-houses, wool-pulling establish- 
ments, tunncriecs, etc. In the case of such substances, we have less 
conclusive evidence of direct effect upon health than m the case of 
excremental matter; and yet the suspicions against them are so 
strong that all possible means should be taken to keep them out of 
the sources of drinking water. 


Last in order of importance is matter which is purely of 
vegetabie origin. It is felt that such substances, in their 
decay, may contaminate the surrounding air so as to be a 
source of injury to health, and it would certainly be undesirable to 
have any considerable amount present in a drinking water. It is 
difficult to see why the products of the decay of all‘vegetable matters 
should be innocuous, if the products of the decay of animal matters 
are injurious; and, in any case of contamination, animal and vege- 
table substances are associated together and it is impossible to dis- 
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tinguish, with absolute certainty, differences in their action or to say 
to which of them ill effects are to be ascribed. 


23113.—How may vegetable organic matter be distinguished from 
anwmal in water ? 


Vegetable organic matter may often be recognised by the 
slowness with which the albuminoid ammonia comes over, by the 
absence or small amount of chlorides and of free ammonia, and by 
microscopic examination of the sédiment or knowledge of the source 
of the supply. Animal pollution is indicated if the albuminoid 
ammonia comes over rapidly, or if the chlorides or oxidised nitrogen 
are abundant. Pollution by absorption of effluvia, or by the presence 
of putrefying masses in the water would, however, be unaccompanied 
by any excess of chlorides. 


Animal matter may be recognised (as a rule) by its being asso- 
ciated with a large amount of total solids, Cl and NH,, and {also 
by the various microscopical and physical methods employed in 
water examination. 


A water entirely free from organic matter is very rare, 
although some classes of waters are much more liable than others to 
be charged with it. 


2114.—What are the pathogenic effects of emanations from 
streams polluted by focal matter. 


Evidence as to disease from this cause is conflicting, due to the 
varying dilution of fecal matter, and to the presence or absence of 
tides, since on the going out of the tide, masses of decaying matter 
would be left on the banks; the same danger is caused when sewa 
is washed back by the sea, or when rivers dry up considerably in 
hot weather. Where such conditions obtain the general health of 
the people living near must suffer, and should there be present 

erms of any specific disease, as enteric fever, that disease may he 
eveloped. 


2115.— What waters care least liable ts animal contamination ? 
What is the relation of C to Nin them ? 


Upland surface waters are least liable to animal contamination. 
Collected from bare uncultivated districts, the organic matter econ- 
tained in them is almost entirely vegetable, and usually peat. The 
ratio of carbon to nitrogen is always high, the average being 10:1. The 
extremes are, however, very wide, from 4: 1 to 21:1. This is owing 
to the more rapid loss of carbon than of nitrogen suffered by peaty 
matter during oxidation, and hence the proportion of carbon to nitro- 
gen is lower in the water of lakes than in that of mountain streams 
which feed them, whilst in a change from low water to flood, the 
ratio of carbon to nitrogen in a mountain stream will often mount 
from the minimum to the maximum of the scale. 
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2116.— What course should be adopted in the case of drinking water 
if polluted by animal or other deleterious tmpurities ? 


Any water which gives indications of having become contami-~ 
nated with animal or other impurities, and which has hitherto been 
good and wholesome, should be entirely disused until the source of 
contamination has been ascertained and removed. 


2117.— What is the nature of the organic matters held in solution 
by water ? 


It consists of soluble animal and vegetable matters which have 
gained access to the water, and of the products of their decomposi- 
tion. Little is known of their pheniical composition, the variety and 
complexity of the components being so great as to defy analysis. 


2118.— What degree of pollution in river and other waters would 
cause you to consider them unusable ? 


(a.) This question may be answered by giving Prof. Franx- 
LAND’s limitation of impurities of effluent water, which is :— 


Every liquid which has not been submitted to precipitation pro- 
duced by a perfect repose in reservoirs of sufficient dimensions during 
at least 6 hours ; or while having been submitted to precipitation, 
contains m suspension more than one part by weight of dry organic 
matter m 10U,000 parts of liquid ; or which not having been submitted 
to precipitation contains in suspension more than 3 parts by weight 
of ee mineral matter, or 1 part by weight of dry organic matter in 
100,000 parts of liquid. 

(6.) Every liquid containing in solution more than 2 parts by 
weight of organic carbon or 3 parts of organic nitrogen in 100,000 
parts of liquid. 

(c.) Every liquid which when placed in a white porcelain vessel 
to a depth of | inch, exhibits under daylight a distinct colour. 

(d.) Every liquid which contains in solution in every 100,000 
parts by weight more than 2 parts of any metal, except calcium, 
Magnesium, potassium, and sodium. 

(e.) Every hquid which in every 100,000 parts by weight, con- 
tains in solution, suspension, chemical combination, or otherwise more 
than ‘5 of metallic arsenic. 

(f.) Every liquid which after the addition of H,SO, contains in 
every 100,000 parts by weight more than 1] part of chlorine. 

(g.) Every liquid which in every 100,000 parts by weight contain 
more than 1 part of sulphur, in the state of H,S or of a soluble. 
sulphuret. 

(h.) Every liquid having an alkalinity greater than that pro-: 
duced by adding 1 part by weight of KOH to 1,00@ parts of distil- 
led water. 

(t.) Every liquid having an acidity superior to that produced by 
adding 2 parts by weight of HCi to 1,000 parts of distilled water. 


518 WATER. [PART -I, 


(j.) Every liquid exhibiting on its surface a film of petroleum 
or hydrocarbon, or containing in suspension in 100,000 parts, more 
than ‘5 of such oils. To complete this answer vide also table given 
at p. 392. 


2119.— With reference to the dunger from the presence of decaying 
organic matter in the drinking water, what distinction 
is itimportant to recognise ” ° 


The different sources of that organic matter. The evidence 
seems very strong that the dejections of persons who are sick with 
certain particular diseases may communicate the disease to others 
if they are taken into the stomach. We do not know that there is any 

roof that fresh sewage from healthy persons when largely diluted 
is injurious if drunk. We know that fish sometimes gather about 
the mouths of sewers and seem to thrive; we know, however, that 
decomposing sewage drives away the fish, and with our present light 
we can hardly fail to beheve that decomposing excremental matter 
even if it contain no specific organic poison, is detrimental tohealth 
when taken into the stomachs of human beings. 

With a few exceptions, the waters which hold in solution a 
notable proportion of organic matters putrefy rapidly, and acquire 
injurious properties. It has been proved that diarrhoea, dysentery, 
and other acute or chronic diseases, have been determined endemi- 
cally by the long continued use of the water of ponds, marshes, or 
wells containing excessive Proportions of altered organic matters, 
either in suspension or in dissolution. The investigations of some 
English pathologists into the effects of certain well waters upon the 
health of the population using them, more than confirm the theoreti- 
cal opinion thus expressed by the French chemists from whom we 
have quoted. 

Leaving out of consideration the question whether animal organic 
matter in suspension or in solution is the more injurious to health, 
it would appear that it is the quality rather than the quantity which 
determines the danger. 

With the views which are at present held with reference to the 
danger from the pollution of lakes and streams by sewage and other 
refuse substances, the most important part of the sanitary examina- 
tion of such sources of supply is the inspection of the locality from 
which the water is to be taken and of the surroundings. 

Pollution of water with vegetable matters may be recognised 
by the vegetable cellular tissue, fungi and moulds, alga, diatoms, 
desmids and conferve. [Amongst the decaying vegetable matter 
other living forms will be found in abundance on microscopic 
examination. ‘lhus living organisms, including bacteria, amosbe, 
englensw infusoria (vorticellw, paramecia, coleps, stentor, oxytricha), 
anguillule, or water worms, rotifera or wheel animalcules, entmo- 
straca (daphnia pulex (water flea) and cyclops quadricornis), amphi- 

poda isopada and tardigrada (water bears), the larve of the water 
gnat and the pupa forms of other insects, besides many others. ] 
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2120.— What may be considered reasonably safe water ? 


Water, although it exhibits previous sewage or animal contami- 
nation, may be regarded as reasonably safe when it is derived either 
from deep wells (say 100 feet deep) or from deep-seated springs, pro- 
vided that surface water be carefully excluded from the well or spring 
and that the proportion of previous contamination do not exceed the 
limits laid down in No. 1617, page 392. 


2121.—Should we condemn water containing much organic matter ? 


Yes, we would at least be on the safe side in doing so. Water 
containing much organic matter should never be used for 
drinking purposes without previous boiling; especially is this the 
case when there is an epidemic or cholera or enteric fever in the town 
or district. By boiling the water, we reduce to a minimum the pos- 
sibility of intection. It not only destroys the organic impurities, but 
also causes a precipitation of much of the dissolved mineral matter.* 


2122.—In veyard to the organic matter what facts help us in 
determining its nature ? 


A brief history of the specimen and its source ; its depth, whence 
taken (if a well), geological relations, and distance of nearest sewer 
-or drain. : 


2123.— What is the relative impunity or organic and saline impuri- 
ties of water 7 


The orgunie impurities are by far the most important constitu- 
‘ents of water. as they are the most powerful in producing disease. 
The saline bodies, when in excess, are not without their mjurious 
effects, but when found they are more or less constant and unvary- 
ing, can be determined with accuracy, and the diseases they bring 
about can be readily and with certainty connected with them. Dead 
organic matter may give rise to diarrhwa, dysentery, malarial fevers, 
etc., but living organic matter in the form of specific micro-organisms 
may bring about specific diseases, such aseholera and enteric fever.* 


2124.— Wht effect on the gases of water have organic matters ? 


The © is decreased, the CO, is increased. whilst the N is un- 
affected. : 


2125.— What general conclusion may be arrived at after consider- 
ing the various tests for organic matter ? 


That no water should be judged by the quantity of any one or 
two constituents which it may contain, but that the composition of a 
water as a whole should be taken into consideration in passing judg- 
ment upon its presumable safety when used asa drinking water, 
and its admissibility as a source of domestic supply. To rely upon 


* From the AuTHoR’s Hygiene of Water and Water-Supplies. 
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organic carbon, or albuminoid ammonia, or ammonia, or oxygen | 
(from pe) consumed, may lend to the rejection of a good, 
or to the adoption of a bad water. 


2126.— How does Dr. FRANKUAND classify waters ? a 


According to their organic purity as follows :—Class i, Upland 
surface waters; water of great organic purity, containing a propor- 
‘tion of organic elements (organic carbon and organic nitrogen) not 
exceeding 0°2 part in 100,000 parts of water; Class ii, Water of 
medium purity, containing from0°2 to 0-4 part of organic elements 
in 100,000; Class ini, Water of doubtful purity, containing from 0°4 
to 0°6 part of organic elements in 100,000; Class iv, Impure water, 
containing more than 0°6 part of organic elements in 100,000. 


3127.— What is the admissible limit of the various kinds of impu- 
rity ina first class water ? 


A standard as tothe admissible limit of the various constituents 
of a first class water can only be general and arbitrary. A first class 
water may at times contain more of the agents given, but as a rule 
the amounts laid down shculd not be exceeded. With reference to 
such a standard we would state that only slight traces of the follow- 
ing substances are admissible in a water of first quality :—Nitric 
and nitrous acids and ammonia salts, metallic salts, organic matter, 
alkaline sulphides and sulphuretted hydrogen. It is extremely rare 
to find all of these substances absent, yet any thing beyond a trace 
should be looked upon with suspicion. The admissible limit* of other 
agents is as follows :— 


Chlorine, under 2 grains to the gallon. 


Ammonia, ,, 3 or 4 3 25 
Total solids, ,, 8 a8 ‘3 


Volatile ,, 1 - ‘5 
Free ammonia under ‘0014. 

Albuminoid re "0056. 

Oxygen for oxidizable organic matter, O-do. 
Fixed harduvess under 2°. 


2128.—How doves Dr. Frankuanp classify waters as regards 
their usability ? 


Reasonably safe waters—Water, although it eahibits previous 
sewage or anima] contamination, may be regarded as reasonably 
safe when it is derived either from deep wells (say 100 feet deep) or 
from deep-seated springs, provided that surface water be carefully 
excluded from the well or spring and that the proportion of previous 
(sewage) contamination do not exceed 10,000 parts in 100,000 parts 
of water, 2.¢., the inorganic nitrogen. 


* Such limitations as theee are arbitrary and can only be used as a 
general guide and not as bard and fast quantities of constituents. 
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Suspicious or doubtful water is :—(1) shallow well, river, or flow- 
ing water which exhibits any proportion, however small, of previous 
sewage or animal contamination; and, (2) deep-well or sprin 
water containing from 10,000 to 20,000 parts of previous (sewage) 
contamination in 100,000 parts of water, z.e., 0°968 to 1°92 part in- 
organic nitrogen per 100,000, or 0°678 to 1344 grains per gallon. 


Dangerous water is :—(1) shallow well, river, or flowing water 
which exhibits more than 20,000 parts of previous animal con- 
tamination in 100,000; (2) shallow well, river, or flowing water con- 
taining less than 20,000 parts of previous (sewage) contamination 
in 100,000 parts, but which 1s known, from an actual inspection of 
the well, river, or stream, to receive sewage, either discharged into 
it directly, or mingling with it as surface drainage; (3) as the risk 
attending the use of all previously contaminated water increases in 
direct proportion to the amount of such contamination, the water 
of deep wells or deep-seated springs exhibiting more than 20,000 
parts of previous contamination in- 100,000 must be regarded as 
dangerous. River or running water should only be placed 1m the 
second class provisionally, pending an inspection of the banks of 
the river and tributanes, which inspection will obviously transfer it 
either to the class of reasonably safe water if the previous con- 
tamination be derived exclusively from spring water, or to the class of 
dangerous water if any part of the previous ccntamination be traced 
to the direct admission of sewage or cacrementitious matters. 


2129.— What amount of organic matter as expressed in the various 
analytical results, 1s permissible in water ? 


The loss on ignition should not exceed 2 or 3 grains per gallon 
of water, and the fumes evolved during ignition should have no 
animalodour. The evolution of ruddy acid vapours indicates excess 
of nitrites. Albuminoid ammonia should not exceed 0°01 grain per 
gallon (0°15 per million) except in the case of peaty waters, when the 
albuminoid ammonia is evolved slowly. Ammonia (so-called ‘free ’ 
ammonia) ought not to exceed 0°002 grain per gallon, except in the 
case of an artesian well-water. If the oxygen consumed in the 
permanganate process exceeds (0'2 grain, or at most 0°25 grain per 
gallon, the purity of the water is opento grave suspicion. Organic 
carbon should not exceed 0°3 grain per gallon, nor organic nitrogen 
exceed 0°03 grain per gallon; and whenever the ratio of organic 
C to N is less than 5 to 1, the water is open to suspicion. 

2130.— How does Franktann classify waters other than upland 
surface water ” 

Class 1.—Water of great organic purity, containing a pro- 
portion of organic elements not exceeding 0:1 part in 100,000. 

Class II.—Water of medium purity, containing from 0°1 to 0:2 


part of organic elements in 100,000. 
Class III.— Water of doubtful purity, containing from 0:2 to 0°4 
part of organic elements 1n 100,000. 
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Class 1V.—Impure ‘ water, containing upwards of 0°4 part of 
vee elements in 100,000. Nitrogen does not exceed 0°968 part per 
100,000, or 0°678 grain per gallon. 


2131 .—Is the land drainage from a highly manured soil impure ? 


It usually yields a very impure water. ‘The carbonic acid 
formed during the decomposition of organic matters, whether 
animal or vegetable, greatly increases the solvent action of these 
waters upon calcareous matter. 


2132.—How may we distinguish between animal and vegetable 
organic matter in a water ? 


The distinction between animal and vegctable organic matters 
in @ water is often only made with difficulty, if at all. Generally it 
may be said, that when excess of organic matter in a water co-exists 
with excessive total solids, chlorine, and ammonia, the source of 
pollution is animal filth or sewage. When, on the other hand, 
excessive organic is not accompanied by excessive total solids, 
chlorine, and ammonia, the source of pollution is probably vegetable ; 
and this diagnosis may be confirmed by the results of physical 
examination of the water, and by microscopic cxamination of the 
suspended matters and sediment. 


2133.—What isthe use of a scale of organic ey of a walter 
in interpreting ihe oxygen process or allied analyses ? 


In the interpretation of the results obtained, either by the 
FoRCHAMMER or combustion process, the adoption of a scale of 
organic purity is often useful to the analyst, although a classification 
according to such a scale may require to be modified by consider- 
ations derived from the other analytical data. It is, indeed, neces- 
sary to have a separate and more hberal scale for upland surface 
water, the organic matter of which 1s usually of a very innocent 
nature and derived from sources precluding its infection by zymotic 
poisons. 


2134.— What is the aluminium process for the determination of 
oxidised nitrogen ? 

For this we require a solution of NaQH absolutely nitrogen 
free (that is without nitrates), and alummium free. Two grammes of 
sodium are dissolved in 100 C.C. distilled water so as to obtain a pure 
solution of caustic soda free from nitrates ; 100 C.C. of sample water 
are added and apiece of aluminium foil In the course of a few 
hours all the oxidised nitrogen is converted into ammonia, which is 
distilled off and Nesslerised. Each mgr. of ammonia, after deduct- 
ing the free ammonia originally present inthe sample, corresponds 
to 0°82 mgr. of oxidised nitrogen in the 100 C.C. of sample. 


2135.—What is the eine conner process for the determination of 
oxidised nitrogen : 

Zinc foil is coated with copper by exposure to a solution of 

cupric sulphate until it becomes black. It is then put into a bottle 
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with 250 C.C. of the sample water and 0°5 grm. oxalic acid, and left 
for twenty-four hours. 


2136.—Do the methods of estimating the amount of organic matters 
ina water give accurate results ? 


No; they at least only give approximate results; they are not 
capable of determining the total amount of such matters in a water. 
This isa great drawback asthe results of one process though perfectly 
comparable in themselves cannot be compared with the results of 
another process. There are three processes usually resorted to by 
water analysts, (a) the albuminoid ammonia process (WANKLYN’s), (b) 
the permanganate process, (c) the organic carbon and organic nitro- 
gen process (FRANKLAND’S). 


2137 .—Discuss the question of pollution from animal refuse apart 
from human excrement. 

Animal refuse, such as forms the waste from slaughter-houses, 
woo]-pulling establishments, tanneries, etc., may pollute water apart 
from human excreta. In the case of such substances, we have less 
conclusive evidence of direct effect upon health than in the case of 
excremental matter; and yet the suspicions against them are so 
strong that all possible means should he taken to keep them out of 
the sources of drinking water. 


2138.— Discuss the question of contact by vegetable mutters. 


It is felt that such substances, in their decay, may contaminate 
the surrounding air so as to be a source of injury to health, and it 
would certainly be undesirable to haveany considerable amount 
present in a drinking water. It is difficult to see why the products 
of the decay of all vegetable matters should be innocuous, if the 
products of the decay of animal matters are injurious , and im any 
case of contamination, animal and vegetable substances are associ- 
ated together, and it is impossible to distinguish with absolute cer- 
tainty, differences in their action, or to say to which of them ill 
effects are to be ascribed. 

Formerly the loss on ignition was looked upon as an important 
item in the analysis as showing the amount of organic matter in the 
water. It is in reality valueless. 

2139.— What are the standard quantities of total organic elements 
oxygen required, and albuminotd ammonia in ALLOWABLE, 
DOUBTFUL, and IMPURE WATERS. 


In upland surface waters they are :— 
Allowable. Doubtful. Impure. 


Total organic clements . to 4 to 6 over 6 

Oxygen required . . to 3 3 to4 ,, ‘4 

ATbaeiioi ammonia . . to (015 +015 to 025 ,, *025. 
And in all other waters they are :— 

Total organic clements . . to'2 2 to's over “4 

Oxygen required . .- . told 15 to2 , 2 


Albuminoid ammonia’ . . to'010 ‘010 to 015 ,, 015 
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2140.—Can the arbitrary standards of purity of different classes o7 
water bear scientific criticism ? | 


They cannot. Prof. Ma.itet concludes that there are no 
sound grounds on which to establish such general standards of purity 
as have been proposed, looking to exact amounts of organic carbon 
or nitrogen. Albuminoid ammonia, oxygen of permanganate con- 
sumed, etc., as permissible or not. Distinctions wn by the appli- 
cation of such standards are arbitrary and may be misleading. 

Whilst this is perfectly true, considered from the standpoint of 
scientific precision, it does not sufficiently take into account the value 
of probabilities in these matters, considered as motives to action. It 
is perfectly true that there can be no fixed standard that a water 
which the chemist would report as sees ure might be much 
more apt to produce disease than one which he would pronounce 
impure, but it is, nevertheless, true that from the results of chemical 
analysis taken in connection with evidence as to the source and his- 
tory of the water an opinion can be formed as to the danger from jts 
use which is sufficiently reliable to be acted upon in the absence of 
positive evidence, such as the production of disease. 

In many cases the water must be doubtful and Prof. Mater 
truly says, that it will not do in all such cases to forbid the use 
of the water, for it Often happens that this should not be done unless 
it is absolutely necessary, but there are many other cases in which 
there is very little doubt, and where action should be governed by 
the probabilities. 


er me a reer, 


CHAPTER XXV. 


EXAMINATION OF WATER—continued. 





NITRATES AND NITRITES. 


2141.—JVhat analyses are conducted in the estimation of oxridis- 
able organic matter and products of organic oxidation ? 


Analyses which express their results :— 
(a) In terms of orygen required for totul oxidisable matter. 
(b) In terms of oxygen required for organic matter only. 
(c) Nitrous acid. 
(d) Nitric acid. 
The statement of results is usually given in grains per gallon, or 
in parts in 100,000 ; or it may be given in grammes per litre. 
2142.—Whatare the principles involved in the various quanti- 
tative tests for nitric and nitrous acids ? 
_ The nitric and nitrous acids of the salts may (1) be decomposed. 
into nitric oxide, and theiy amount determined by the quantity of 
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evolved gas; or (2) they may, by the action of nascent hydrogen, be 
converted into their equivalent of-ammonia, and estimated as such; 
or (3) the nitrates may be estimated volumetrically by the bleaching 
effect of free nitric acid on indigo. 


2143.—Are the results of examinations for acids and acid radicals 


always expressed in the same way ” 


They are not,—the method of stating the results varies, as in 
the case of nitrous acid, some reckoning as HNO,, some as N,O,, 
and others as NO,. The last is the best, as it corresponds to Cl. In 
the same way NO, is to be preferred for nitric acid, SO, for the 
sulphuric acid, and PO, for phosphoric acid. 


2144.—When can an analyst form an unfavourable opinion of 
water from an estimate of the nitrates ? 


Whether or not the analyst should form an unfavourable opinion 
of the water from the amount of nitrates, must depend upon the 
proportion of organic mattcr actually present, and on his confidence 
in the efficiency and uniform action of the purifying process. 


2145. — What is the process of nitrification ? 


One by which nitrogenous organic matter in water or in the 
soil is oxidised, with formation of nitrates, is due in great measure 
to the action of microbes or by contact with oxidisable matter, yield- 
ing nitrogen or even ammonia. 


2146.— What is the effect of the nitrifying process ? 


It renders the nitrogenous matters harmless and fitted for the 
needs of growing plants, which absorb and utilise the nitrates. 


2147 .— What is the term used in representing all these changes ? 
Nitrification. 


2148.—To0 whatis the process due ? 


Most authorities agree that it is due to the influence of vege- 
table micro-organisms, and recently two particular forms of mi- 
crobes have been identified in relation to this process. 

Under the influence of these minute vegetable organisms, 
bacteria, the process of oxidation goes on in different soils at different 
rates, according to the alkalinity of the soil, amount of moisture, ete. 

(The nitrates once formed may be reduced to ammoniacal com- 
pounds, or even free nitrogen, so that they alone cannot quantita- 
tively indicate the degree of pollution. FRANKLAND lays great force 
on these salts indicating previous sewage contamination. Many 
excellent chemists disagree with him in this respect. ] 

2149.— What are the different stages in the oxidising process of the 
nitrogenous organic matier / | 

Starting from fresh sewage material there is :-~ 

(a) Organic nitrogenous matter which when partially 
exidised produces 
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(6) albuminoid ammonia. Still later in the process of 6xi- 
dation we have 
(c) fully or ready-tormed ammonia—free ammonia, NH. 
ollowing this we have 
(d) nitrous cad and nitrites; and as a final stage in 
oxidation we have 
(e) nitric acid as nitrate. 
21650.—Is the nitrification of animal matter more rapid in the gol 
that in running water ? 


Ji is; nitrates are formed very slowly in rivers and streams, 
anima] organic matter being oxidised much more slowly in running 
than in percolating water. They are not formed in waters deficient 
in dissolved oxygen; and are, if already present, reduced by the 
addition of more organic matter. Thus they are not usually found 
in sewage. \ 


2151.— What are the different forms of combination in which 
nitrogen may be found in water ? 


In any form beginning from actual sewage matter to the fully 
oxidised products in the form of nitrates—as sewage itself contain- 
ing Se ae organic matter when exposed to oxygen, especially 
in the soil, gradually oxidises. 


2152.—Are nitrates alone injurious ” 
No; they are practically harmless. 


2153.—On what grounds ure waters containing nitrates con- 
demned ? 


Because nitrates as a rule have sewage as their origin. 
2154.— What is the importance of nitratesin water ? 


When water comes into contact with decaying animal and vege- 
table matters, then carbon, as we have already said, is oxidised to 
carbonic acid gas, and their nitrogen is oxidised to nitrates, which 
are dissolved in the water. When this oxidation of organic matter 
is incomplete in wells, tanks, etc., the watcr is impure and may be 
very dangerous to use. Partial oxidation results in the production 
of nitrites. The presence of nitrites in water is always looked upon 
with suspicion. They are usually contained in water that is suffi- 
ciently aerated. When water is undergoing proper aération, the 
nitrogen evolved out of organic matter is oxidised into nitrates, and 
the nitrates into ammonia, with very httle formation of nitrites. 

Nitrates in any water are always suspicious; but their import 
varies with the circumstances under which they occur. A minute 
quantity of ammonium nitrate is present in nearly all waters; and the 
water of deep springs, which is, as a rule, perfectly free from sewage, 
may be highly charged with nitrates. Again, if in water contain- 
ing nitrates, any vegetable growths are present, the nitrates will 
speedily disappear, having become assimilated by the plants. The 
absence of nitrates is therefore no proof of the absence of sewage 
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(Wanxirn). Nitrates represent a completely oxidised condition of 
the nitrogenous matter of sewage. Sewage in an unoxidised condi- 
tion might possibly therefore contain only a trace of nitrates. 

_Almost all waters contain a certain amount of either nitrate of 
sodium (cubic nitre), or nitrate of potassium (saltpetre), or nitrate of 
lime (calcareous nitre). Nitre is an oxidised aroladt of decomposed. 
dead animal and vegetable matter. Inthe quantities in which it is 
usually found, it is not only not harmtul, but probably beneficial to 
man and animals using the water, and it forms part of the food of 
all plants, the juices of which itivariably contain some of it. 

Many excellent waters have been condemned as unwholesome 
on account of the nitrates contained in them, although it cannot be 
too strongly insisted upon that the nitrates afford no data of any 
value in judging of the organic quality of a water. 


2155.— What does the existence of nitrates or nitrites in water pont 
to? 


The presence of nitrates or nitrites in a water 1s evidence that 
there has been previous contamination with albuminious matter of 
some kind, and that such matter has been so far oxidised. They do not 
indicate, however, that the whole of the oxidation of the nitrogenous 
impurities has taken place, and on this account their presence should 
always be regarded with suspicion, especially ina water at all lkely 
to be contaminated with sewage. 

Nitrites are often present when not mjuriously so, it 1s an indi- 
cation of previous (not recent) contamination, and Dr. FRANKLAND 
says of “original sewage,’ we do not condemn water with nitrates 
only, butaf abundantly present with chlorme im addition, it is al- 
most certainly contamimated nitrates , alouc nitrates do not matter 
much. 

Prof. Parkes’ states:—The significance of these nitric and 
nitrous acids in nitrates and nitrites is very important. Nitric 
acid is the ultimate stage of oxidation of nitrogenous organic matter 
aud when present in water it 1s almost always the result of previous 
pollution, either of the water itself or of the strata through which it 
flows. It gives us no information, however, as to the exact time 
when the pollution took place. In some samples from deep wells it 
is evident that the pollution must have been very ancient. It has 
been distinctly shown by SciLoEsinG and Munrz and by R. WaRING- 
TON that nitrification is a ferementative process, excited and carried 
on through the agency of a minute organism, just as ordinary fer- 
mentation 1s carricd on through the medium of forula. Nitrous 
acid indicates the presence of organic matter undergoing change : it 
is either a stage in the direct oxidation of such matter, progressive 
or arrested, or a retrogression from nitric acid in consequence of the 
latter having yielded up a part of its oxygen. [ly this way nitrous 
acid might retrograde still further and become converted again into 
ammonia, or be dissipated as nitrogen. Nitrous acid is a much more 
important substance than nitric, as indicating present danger, and a 
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very small amount of it is sufficient to remove a water into the sus- 
picious class. It is rare to find any of the higher forma of life ina 
water rich in nitrites, although bacteria may be found. Pure water 
ought to be quite free from nitrites, and ought to show only traces 
almost of nitrates,—the limit being about 0°032 per 100,000 of nitric 
acid,—representing of combined nitrogen 0-014 per 100,000. The 
total combined nitrogen (including that in the free ammonia) would 
be 0°016 per 100,000 ; whilst the total nitrogen (including that in the 
albuminoid ammonia) would be 0°023 per 100,000. The presence of 
nitrites is suspicious : the marked presence of nitrates ought to bea 
ground for careful inquiry. In some soils, especially sands and 
gravels and in ferruginous souls, the process of nitrification goes on 
extremely rapidly, and the existence of impurity may escape notice 
if the examination for nitric acid be omitted* 


2156.—Hygienically in what light do we look upon nitrates and 
nitrites ? 


That these are the oxidised residues of organic matters possibly 
derived from an animal source (sewage). Their determination is 
therefore a pomt of the greatest importance, for they indicate either 
a pollution of the water at some remote period with possibly danger- 
ous ingredients, or the contamination of the water at the present 
time with partially or completely purified sewage. They are found 
often in considerable quantities in deep well or spring waters, and in 
this case merely indicate the complete purification which the water 
has undergone in its passage from the surface to the subterranean 
reservoirs. In the case of shallow well waters nitrates and nitrites 
if found in association with excess of chlorine and ammonia, indicate 
soakage of sewage or animal refuse into the well, more or less puri- 
fied by its passage through the intervening layers of earth. At any 
time, however, the purifying power of the filtering earth may be 

-exceeded or overcome, and then the liquid filth may pass into the well 

with its dangerous ingredients unchanged and unpurified. Nitrates 
and nitrites are not present in raw sewage ; but they are found in 
polluted streams and water-courses where a certain amount of oxida- 
tion is always in progress and in the effluent subsoil waters from 
manured or sewaged land. They exist as nitrates and nitrites of 
lime, soda, potash, etc. 


2157.—Are nitrates and nitrites present in fresh hwman eacre- 
ment 7 
Nitrates and nitrites are not present in raw sewage or fresh 
human excreta; but they are found in polluted streams and water- 
courses, where a certain amount of oxidation is always in progress, 
and in the effluent subsoil waters from manured or sewaged land. 
They exist as nitrates and nitrites of lime, soda, potash, etc. 


ore 
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2158.—0n the whole then does the estimation of the nitrates 
alone afford much trustworthy informatica as to the 
quality of the water ? 
It does not, for the presence of abundance of nitrates does not 
necessarily show defilement by means of sewage, and deficiency of 
nitrates does not show absence of defilement. 


2159.— What do nitrates indicate ° 


As arulethey point to long anterior animal contamination, but 
under certuin circumstunce, where, for mstance, the contamination is 
in surface sol containing multitudes of the nitrifying organism, the 
production of nitrates may be comparatively speedy. 

2160. — What have recent experiments shown with regard to the 
indications of the presence of aitrates ? 


Dr. FRaANKLAND maintains that mitrates indicate previous in the 
sense of remote contammation, but Dr AsHby, and Mr. HetmMer have 
shown that such pollution may be very recent when bacterial agency 
is active. The more advanced the putrefaction of the organic 
matter, the more casily 1s 1t oxidised or converted into ammonia, 
and some authorities think the more injurious, but actually lving 
organisms will naturally be the most refractory, and at the same 
time may yield but a very small amount of mitrogen or ammonia, 
although highly dangerous if specific. Shortly, a mere trace 
of albuminoid uammoma derived from enteric or cholera stools 
teeming with bacteria may be more dangerous than a hundred times 
the weight of healthy feces, or other animal or vegetable matter. 


2161.— What vs the origuvof witrates and nitrites in waters ? 


Nitrates and nitrites, perhaps in every proportion, but certainly 
in any quantity beyond a trace, must be derived from animal or 
vegetable matters, and so far excites a suspicion of their injurious 
qualities. If water shows a marked quantity of mtrous acid it is 
bad, for it can only occur from active decomposition. [If there be a 
preponderance of nitrates with little reaction to Condy’s fluid, 
there has probably been old sewage pollution. If there be nitrites, 
ammonia, etc., and there be well-marked action on Condy’s fluid, 
it marks recent pollution with sewage. 


2162.—In what sorm are the nitrates usually found ? 


As nitrates of potassium (KNQ,), of sodium (NaNO, ), of potas- 
sium (KNO,), and of calcium (Ca (NO j),). 


2163.—[s it often necessary to differentiate between the nitrates 
and nitrites ? 


It is not; infact, it is very rarely necessary to distinguish 
between nitrites and nitrates in water. If, however, the ‘‘ Oxygen ” or 
“ForcHAMMER ”’ process is employed to estimate the organic pollution, 
it ix desirable to have a delicate moans of testing for and estimating 
traces of nitrites. One part of sodic nitrite deoxidises about twenty 
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times as much potassic permanganate as an equal quantity .of urea,. 
ereatin, or starch. The practice, suggested by the late Dr. Tipy, of 
considering the permanganate roduted by a sample of water within 
three minutes to be due to nitrites, is not satisfactory ; for a sample of 
sewage free from nitrites reduced in that time as much perman- 
ganate as Thames water did in three hours. 


2164.— What ave the various tests for the presence of nitrites oF 
nitrous acid ? 


[All the preceding tests are for nitrates and nitrites alike. The 
following apply to nitrites only :—] 


1. The water is acidulated by sulphuric acid and a few drops 
of sulphanilic acid solution are added. ‘len minutes later a few 
drops of naphthylamine hydrochlorate solution are stirred in the 
water, and a rose tint, changing to orange, will appear if nitrites are 
present to the extent of 10 parts per million. 

2. One drop each of heuel and sulphanilic acid solution, and 
then ammonia, will give a yellow colour. 

3. The addition of starch solution, potassic iodide solution, 
and dilute sulphuric acid causes a blue tmt, due to liberation of 
iodine by nitrous acid and consequent formation of iodide of starch. 

4. Meta-phenylene diamine solution with dilute sulphuric acid 
(a few drops of each) will give a red colour. 


2165.— What is the simplest test for nitrous acid ? 


That by the action of iodine on starch. If any is present by 
adding KI solution the H,SO, sets free the iodine which is shown 
by the blue with starch. We make it acid first by H,SO z, to sepa- 
rate the nitrous acid from its base. , 


2166 — What are the three steps in this test ? 


(a) Add H, SO, sets free acid from base. 
(b) Add K], iodine sets free the nitrous acid. 
(c) Add solution of starch it is turned bluc. 


2167.—How may the quantitative estimation of the nitrites be 
rapidly curried out ? 


By means of solutions of meta-phenylene diamine and sulphuric 
acid, producing a red colour, which is to be compared with a 
standard as in the Nessler process (Grréss), or they may be deter- 
mined by the permanganate process. 


2168.— Describe the napthylamine teat ? 


The water is first treated with sulphuric acid, acidified, and a 
solution of hydrochloric acid or sulphate of napthylamine added. 
A minute trace of nitrite strikes apale pink; if much nitrite be 
esent there is a ruby colour produced and the solution becomes 
turbid from the separation of colouring matter. . 
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2169.— What is the simplest test for nitrates ? 


Make a mixture of ] part of potassium iodide, some of starch 
paste, and about 500 parts of boiling water acidulated with a little 
acetic acid. Add a little of the mixture, which should be quite 
clear, to the water; a bluc tint indicates nitrites. If the colour is 
at all deep, the water is scarcely safe to drink. 


2170.— What is the best test for the presence of nitrites ? 


That known as Grigss’, as modified by WANKLYN and CHAaPMaw 
and others, and called the meta-phenylene diamine test. 


2171.—LJs this u delicate test for nitrites ” 


Yes, for besides none easy of execution, it is a test of excessive 
delicacy, being capable of detecting one part of nitrous acid in 
thirty million parts of water. 


2172.—Of what does it consist ? 


The method consists in the observatiou of the depth of colour 
developed m 100 C.C. of the water under examination on the addition 
of 1 C.C. of a solution of meta-phenylene diamine and one of dilute 
sulphuric acid ; a comparative observation being made on a standard 
solution of sodic nitrite, as in the estimation of ammonia by the 
Nessler test. 


2173.— What ts the only reliable test for the estimation of nitrites ? 


Gress’ process, as elaborated by various analysts, is the only 
trustworthy one for estimating nitrites. 


2174.— What solutions are required for the estimation of nitrites 
by Grigss’ method 7 
The solutions required are:—(1) meta-phenylene diamine,— 
5 grams. in a litre of water, made acid with sulphuric acid ; decolorise 
if necessary with animal charcoal ; (2) dilute sulphuric acid, one part 
to two of distilled water ; and (3) a solution of pure potassic nitrite, 
i ee from silver nitrite and potassic chloride,—strength ‘01 mil- 
igram NQ,, or nitrous anhydride per cubic centimetre. To 
prepare this last solution, dissolve 0°106 gram. of pure and dry silver 
nitrite in hot water, and decompose it with a shght excess of pure 
potassic or sodie chloride until no more argentic chloride is 
thrown down. After cooling, make up the solution to one litre, 
allow the chloride of silver to settle, dilute cach 100 C.C. of the clear 
supernatant liquid again to one litre. This solution should be kept 
in closely stoppered bottles quite full. 


2175.— What apparatus is required for GRIESS’ process ? 


1. Four narrow cylinders of colourless glass, in which 100 C.C. 
ef water should rise toa height of 16 to 18C., and which must be 
marked with a diamond at this point. 

2. A graduated burette or pepette for the dilute sulphuric acid, 
and another for the solution of meta-phenylene diamine. 
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2176.—Vhai is the best direct method for determining nitrous acid 
and how is tt carried out ? 


That of Grizss’. It is carried out as follows :—A solution 
of meta-phenylene diamine is prepared, and also a dilute sul- 
phuric acid, consisting of one volume of strong acid to two 
of water. One C.C. of each solution is added to 100 C.C. of the 
water to be examined, which is put in a Nessler glass : a red colour 
is produced. Another glass is placed alongside, and into it are put 
as much of a standard solution of potassium nitrite as may be neces- 

, making up the bulk to 100 C.C. with distilled water ; then add 
1C.C each of the sulphume acid and the meta-phenylene diamine. 
The remainder of the process is carried on much m the same way 
as ordinary Nesslerising for ammoma. Care must be taken that 
the water originally taken is not too strong, so 1f the red colour be 
too deep, smaller portions diluted up to 100 C.C. must be taken, 
until the faimtest tint distinctly recognisable is obtained. The 
standard potassium nitrite, should be of the strength 1 C.C.=0°01 
milligramme of NQ,, or nitrogen tetroxide. The number of C.C. 
used gives the milligrammes of NO, present in thesample of water. 

1e above isnow accepted as the most accurate method of 
determining nitrites, but some care is required,—for both the 
water and the colouring solution must be either colourless or be 
decolorised. It may not be always possible to get the reagents, and 
then it is best to fall back upon the determination of mtrous acid by 
the permanganate process. 


2177.—Give an example of the method of carrying out the calcu- 
lations involved in this test. 


Suppose a sample of water containing a good deal of nitrous 
acid was taken, and 25 C.C., made up to 100 C.C. with pure distilled 
water, were putin a Nessler glass. 10.C. of the sulphuric acid and 
1 C.C. of the solution of meta-phenylene diamine added : a distinct red 
colour was obtained. Into another Nessler glass 7°5 C.Cs. of the 
standard potassium nitrite were put, made up to 100 C.C. with 
distilled water, and the same shade of tint obtained with the solutions 
as above. 

Mgm. 
75  =x'01 = 0°075 NO, in 250.Cs. 
0075 x 4= 0300 NO, in 100 C.Cs. 

This equals 0°3 in 10,000 or 0°21 in 1 gallon; multiplying any 
of these results by 0°304 gives the amount of nitrogen (N), that 
being the factor obtained from its atomic weight. 

2178.— What is the meta-phenylene diamine test ? 

The solution is made by dissolving 5 grms. of meta-phenylene 
diamine in 100 C.C. of water and slightly acidifying with sulphuric 
acid. <A C.C. of the reagent added to 50 C.C. of water strikes a pale 
a seeal a deep orange red, according to the quantity of nitrite 
present. 
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- 31'79.— Describe what ts known as Metpowa’s test. 


MELDoLa’s test is a solution of para-amido-benzene-azo-dimethy- 
aniline in water acidified with hydrochloric acid (strength about 
02 per cent.). The reagent is added to the water to be tested, the 
whole acidified with sulphuric acid, warmed for 15 minutes on the 
water bath, and then alkalised with ammonia. If nitrites are 
present, the liquid becomes salmon-coloured when acid ; and when 
alkalised with ammonia green with small quantities. and blue with 
large quantities of nitrite. 


2180.— Why should waters containing nitrites be examined as 
soon after collection of the sample of water as possible ? 


Because nitrites, when present in water, are soon oxidised to 
nitrates. 


2181.— What is the qualitative test for nitric acid as nitrates in 
water ¢ 


Mix a httle of the water with twice its bulk of pure sulphuric 
acid. This sets free the nitric acid from its combmations ; then 
add a few drops of the solution of brucine—a pink and yellow zone 
occurs at the junction of the water and acid. The sulphuric acid 
should be eal down the test tube gently, so as to form a layer 
beneath the mixed water and brucine solution. Half a grain of 
nitric acid to a gallon gives a marked pink and yellow zone. This 
is a very delicate test. Another method is to evaporate down two 
cubic centimetres of water to dryness, add a drop of pure sulphuric 
acid and a mmute crystal of brucine (see neat answer). The same 
reaction takes place, and by it ‘01 of a grain to the gallon can be 
easily detected. In the above test, if a solution of pyrogallic acid 
be employed instead of that of brucme, a pink zone, turning 
purple, will be observed. 


2182.— Give a very simple test for nitric acid. 





Put water for about 2 inches deep into a test tube, and pour 
down by side a little strong sulphuric acid gently, and wait till heat 
generated by the acid subsides. Noe we may use the sol. of brucine 
which gives first a pink, rapidly passing to yellow. This indicates 
nitric or nitrous acid, or a similar result arises from a solution of 
a proto-sulphate of iron which gives an olive colour. 


2183 .— How is the brucine solution made ? 


By dissolving 1 gramme of brucine in 1000 C.C. of distilled. 
water. ‘ 


2184. — May this test be used rn another manner ? 
Yes: by mixing a crystal of brucine witha drop of H,SO, 
on a watch glass, and then let a drop of water run down into it. 
2185.—Give another test for nitrates. 
The water is concentrated and mixed with a solution of indigo 
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and sulphuric acid, the presence of nitrates is indicated by a pink 
and blue color.* 


2186.— What teat is employed to detect nitrates in water ? 


There is no qualitative test for nitrates not shared with 
nitrites; in the absence of nitrites the diphenylamine test is very 
convenient. Diphenylamine is dissolved in a little water by the 
aid of strong sulphuric acid. A few drops of the solution are added 
to 10 or 20 C.C. of water and double the volume of sulphuric acid. 
A purple blue colour denotes presence of nitrates. 


2187.— What are the two most convenient methods for the estima- 
tion of nitric acid in water ? 


Nitric acid may be determincd in several ways, but four seem 
more easily applicable than the others, viz., 1, ScuuLze’s aluminium 
method (modified by WankKLyn and CHapman); 2, the copper-zine 
process; 3, the phenol sulphuric method, and 4, the indigo- 
carmine method. 


2188.—Upon what do the first two methods depend ? 
Upon the conversion of the nitric acid into ammonia. 


2189.— What is meant by the aluminium method, and how 18 tt car- 
ried out ? 


According to this method, nascent hydrogen is hberated by the 
action of strong solution of soda or potush on aluminium foil. 100 
©.C. of the water should be introduced into a distilling flask, alon 
with 10 C.C. of asolution of sodie hydrate, free from mtrates an 
boiled briskly until reduced to about one-fourth. It is then made 
up to its original bulk with water free from ammonia, and when 
ae cold a piece of aluminium foil about 2 inches square 1s drop- 

in. 

The aluminium foil is prevented from floating by rolling it 
round a piece of clean glass rod. The hydrogen, as it 1s given off, 
escapes by the distilling tube ; and to prevent loss of ammonia, the 
opening is properly guarded. 
2190.— What is ScHuLtzE’s modified method for the determination 
of nitric and nitrous acids 7 


By this method both are converted into ammonia by the action 
of aluminium on an alkaline solution ; the ammonia is then distilled 
off, and the amount determined by Nessler’s solution. The re- 
agents required are a solution of caustic soda and sheet aluminium. 

For the nitrogen of the nitrites and nitrates, treat another 

rt of the water with strongsulphuric acid, and collect the gases 
in @ graduated tube near mercury ; the nitrogen comes off in the 
form of nitric oxide; the volume of this is then halved for the 
amount of nitrogen. 








*There are no tests for nitric acid or nitrates that are not shared with 
nitrites (PARKES). 
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2191,—Whai is the principle of the aluminium (ScuuLtzE’s) pro- 
cess for the quantitative estimation of nitric acid ? 


That by converting the acid into ammonia with aluminium in an 
alkaline solution, the ammonia may be distilled off and estimated im 
the ordinary way by NEssizEr’s solution. 


2192.— How is WaNKLYN’s and CuapMan’s modification of Scuutt- 
zE’s method for estimating the nitrates and nitrites present 
an water carried out ? 


About a pint of the water tobe tested is placed in @ retort, and 
adefinite quantity of strong pure caustic soda solution added, and 
the whole distilled till all the ammonia has been driven off. The 
contents of the retort are now left to cool, and a piece of thin sheet 
aluminium introduced, and allowed to remain for four or five hours. 
Hydrogen is evolved from the metallic aluminium, which, being in 
the nascent state, unites with the nitrogen of the nitrates and nitrites 
present to form ammonia. After the action has ceased, the contents 
‘of the retort are again distilled, and the ammonia givon off esti- 
mated by Ness.LEr’s test. The ammonia thus obtained is an index of 
the amount of the nitrates and nitrites present. From this result the 
amountof the acids present may be readily calculated. 


2193.— What is the zinc-copper couple ° 


It is an electrical pair formed by the intimate contact of the 
metals zinc and copper without however the production of an alloy. 


2194.— How may we make the wet copper zinc-couple / 


Put into a flask or bottle a piece of clean zine foil, and cover it 
with the copper solution: allow the foil to remain until itis well 
covered with a firmly adhering black deposit of copper. (If left too 
long the deposit may peel off in washing) Pour off the solution 
(which may be kept for further use), and wash the conjoined metals 
with distilled water. ‘The coupleis now ready for use. About one 
square decimctre (= 1 of a square inch) should be used for every 
300 C.C.s of & water containing Sparts or under of nitric acid im 
100,000. For waters richer in nitrates more will be required. 


2195.— What is the zine-copper couple method, and how is the 
couple prepared ? 

“This method depends upon the electrolytic reduction of nitrates 

40 ammonia by means of a couple of the two metals copper and zinc, 
which is prepared as follows :—A mixture of 2 grains of finely-divided 
reduced copper with 18 grains of coarse zinc filings is introduced 
into a 2 oz. flask fitted with a cork, through which passes a tube 
drawn out toa capillary opening. The flask is heated over a burner 
till the zinc begins to soften, shaking, gently all the time to ensure 
thorough mixture of the two mctals and to prevent any part being 
over-heated. The mass, when the operation is finished, should consist 
of greyish-black grains, without metallic lustre. If the mass hag 
& brassy tint, or # the zinc filings retain their form, the product 
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must be rejected. As soon asthe desired result is obtained, the flask 
is removed from the flame, continuing the agitation fora few seconds 
to prevent fusion. The point of the capillary. tube is then sealed, 
and the flask allowed to cool.” 
In this analysis 250 C.C. of the water may be evaporated over 
a naked flame to about the volume of 25 C.C., a fragment of 
uicklime about the size of a hemp seed added and renewed till 
ne bulk is reduced to Gor 7C.C. The whole is then rinsed into 
an 8 oz. distilling flask, and the requisite amount of zinc-copper 
couple added. The flask is closed with a cork, and attached to a small 
Liebig’s condenser, and the water nearly all distilled off. Hot dis- 
tilled water is added at intervals, and the distillation renewed till 
100 C.C. of distillate is obtained. This, after appropriate dilution of 
a fraction, say 5 C.C., made up to 50 C.C., is then Nesslerised. 


2196.—How may the process be rapidly carried out? 


By means of a piece of pure zine foil and a 3 percent. solution 
of sulphate of copper. The action is allowed to go on till a distinct 
coating of copper is deposited on the zinc : the presence of oxalic acid 
hastens the process. 

The zinc foil coated with the copper is put into a bottle with 
250 C.C. of the sample water and 0°5 gram. exalt acid, and left for 
twenty-four hours. Ags inthe alummium process, all the oxidised 
nitrogen is converted into ammonia and measured as such by Nes- 
slerising. 


2197.—Deseribe another method for carrying out the estimation 
by the copper-zinc couple. 

Pieces of clean zinc foil, well crumpled, are immersed in a solution 
of copper sulphate (3 per cent.) ; when the zinc is coated, the liquid is 
poured off, the couple is washed with a little distilled water. and then 
any convenient quantity of the water poured on to the couple and the 
whole allowed to stand in a warm place over-night. The water may 
be distilled, and the ammonia estimated, subtracting what has been 
previously found as “ free’ ammonia, but in most cases the ammonia 
may be estimated directly by taking 10°25 C C. ofthe water, diluting 
it up to 100 C.C. and then Nesslerising direct Here again the same 
correction for ammonia pre-existing will have to be made. 


2198.— Wheat is the simplest method of carrying out the estimation 
of the amount of nitrates in water? 


Evaporate 10 C.C. of the water ina small platinum dish to dry- 
ness. To the residue add 3 C.C. of solution of sulphuric acid and 
iar and two drops of pure hydrochloric acid, and then warm the 

ish for 3 minutes over the water bath. Pour the contents into a 
Nessler glass and neutralise with caustic potash solution until effer- 
Vescence ceases ;then fill up with distilled water to the 50 C.C. 
mark and compa re the depth of the yellow colour produced with that 
of a test solution containing one mifligramme of nitrate of potash in 
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each cubic centimetre to which the same reagents have been added 
and which has been submitted to alike process. [The process of 
comparison by depth of colouration is known as “ Nesslerising.”’ | 


2199.— What is the yellow colour due to ? 


The yellow colouration is due to the formation of picric acid 
{tri-nitro-phenol), produced by the action of sulpho-carbolic acid 
on nitric acid. ‘l'o express in terms of nitrogen as nitrates, the result 
must be multiplied by 0°14. 


2200.— What is the phenol-sulphuric acid method ? 


This method is simple in its application, and yields good results. 
Phenol-sulphuric acid is prepared by melting absolute phenol, and 
pouring two parts, by measure, of the liquefied phenol into five 
volumes of pure concentrated sulphuric acid free from nitrates, when 
the whole 1s digested for cight hours in a water bath kept boiling. 
The mixture 1s then allowed to cool, and to cach two volumes of the 
liquid is added one and a half voluines of distilled water, and half 
volume of pure strong hydrochloric acid solution. The light brown 
solution thus obtained is ready for use. 


2201 .— Wh«ut is the method of carrying out this test ? 


Ten C.C. of the water under examination and 10 C.C. of a 
standard solution of nitrate potassium (0°7215 gramme per litre) 
are pepetted into two small beakers, and placed near the edge of a 
hot plate. When nearly evaporated, they are removed to the top of 
the water-oven and left there till they are evaporated to com- 

lete dryness. As this operation usually takes an hour and a_ half, 
it is better, when time is an object, to cvaporate to dryness in a 
platinum dish over steam. The residue im each case is then treated 
with 1 ©.C. of the phenol-sulphuric acid, and the beakers are placed 
on the top of the water-oven. If the water under examination con- 
tains a large quantity of nitrates, the quid speedily assumes a red 
colour, which m a good water, will not appear for about ten minutes. 
After standing for fifteen minutes the beakers are removed, the 
contents of each washed out successively into a 100 C.C. measuring- 

lass, a slight excess (about 20 C.C.) of ammonia solution (sp. gr. 

96) added, the 100 C.C. made up by the addition of water, and the 
yellow liquid transferred to a Nessler glass (6 in. x13 im.). The more 
strongly coloured liquid is then partly transferred to the measuring 
glass agam, and the tints compared w second time. In this way the 
tints are adjusted, and, when as far as possible matched, the lhquid 
that has been partially removed is made up to the 100 C.C. mark 
with water and, after well mixing, finally compared. If not of exactly 
the same tint, a new liquid can at once be made up, probably of 
exactly the same tint, as the first experiment gives very nearly the 
number of C.Cs. of the one equivalent to the 100 C.Cs. of the other. 
Hach 1 C.C, of the nitrate solution used = 0°0001 gramme (N). 
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In the case of very good waters, 20, 50, or more C.Cs. should be 
evaporated to a small bulk, put into a small beaker, and evapo- 
rated to dryness, and treated as above—only 5(C.C. of the standard 
nitrate of potassiun (= 0°5 N in 100,000) being taken. In the case 
-of very bad waters, 10 C.C. should be pepetted into a 100 C.C. 
measuring flask and made up tothe mark with distilled water, 
then 10 C.C. of the ,well-mixed liquid (= 10.C. original water) 
withdrawn, and treated as above. 


2202.—IVhai is the quickest method of estimating the nitrates in 
solution ? 


By indigo-carmine. It 1s fairly accurate when the nitrates are 
in quantities, such, for example as over a grain fan gallon, but 
save with special precautions it is not a good method for the estima- 
tion of small quantities. 


2203.— How are nitrates partially removed from natural waters ? 


Nitrates are absorbed by vegctation, and may therefore be 
partially or completely removed when the water containing them 
flows over growing plants. 


2204.— What amount of nitrates is contained in waters from 
various sources ” 


The amount of nitrates in rain varies with the locality, being 
eatest near towns. Seventy samples from Rothamsted (25 miles 
om any large town) showed nitrogen as nitrates from nil to 04 

approximately, with an average of ‘007 in 100,000 parts of water. 
Upland surface waters are commonly free from nitrates and nitrites, 
or contain but a mere trace. In them the range of nitrogen in this 
form is from nil to about °05, with an average of about ‘009 part. 
Surface waters from cultivated districts show an average of ‘25 part, 
ranging from nil (which occurs but seldom) to 1 part. 


2205.— What is the hygienic importance of nitrates in drinking 
water : 


Nitrates in any water are always suspicious, but their import 
varies with the circumstances under which they occur. A minute 
ey of ammonium nitrate is present in nearly all waters, and 
the water of deep springs, which is, as a rule, prefectly free from 
sewage, may be ae ily charged with nitrates. Again, if in waters 
‘contaming nitrates, any vegetable growths are present, the nitrates 
will speedily disappear, having become assimilated by the planta. 
The absence of nitrates is, therefore, no proof of the absence of 
sewage. Nitrates represent a completely oxidised condition of the 
nitrogenous matter of sewage. Sewage in an unoxidised condition 
might possibly therefore contain only a trace of nitrates. 

_ Itis however a noticeable fact, that many good and healthful 
drinking waters contain much nitrites and nitrates, and hence, 
however harmful may be their origin, they are themselves harmless. 
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2206.—How dowe account for the large amount of mitrites, 
nitrates, NH, in the surface soil ? 


Urea of urine is readily converted into carbonate of ammonia 
(CH,N,O+2H,0 = (NH,), CO,); animal matters in putrefying 
give off nitrogen which forms NH, with H in the soil; thus NH, 
1s oxidised sooner or later into nitrous or nitric acid in the form of 
nitrites and nitrates. [N.B.—Water defiled by animal impurities 
may contain free ammonia, common salt, nitrites and nitrates. ] 


2207 .— Why ia it customary to determine the amount of ammonia 
and of nitrogen which enists in the form of nitrites and 
nitrates 7 


Because they are the result of the decay or decomposition of 
nitrogenous organic matter. As arule,the amount that occurs in 
unpolluted water is very small, and even in polluted waters it is 
small when expressed in figures. The ammonia can without diffi- 
culty be determined when present, even in minute quantity. 


2208.— What are the indications of nitrites ? 
Nitrites, as a rule, indicate more recent, and therefore more 


dangerous pollution, than can be inferred from the presence of 
nitrates. They readily pass into nitrates. 


2209.— What should be the limit of nitrates wn water ? 


The nitrogen as mtrates should m no case exceed 1 grain per 
gallon (= 3°86 grains N,O,); 07 grain N (=27 grams N,O,) 
per gallon is a safer limit. 

2210.—What are the chief sources of nitrates in water ? 


Oxidation of animal matter ; more rarely of vegetable nitroge- 
nous matter. Occasionally nitrates are formed in deep wells of 
chalk as a result of deposit with animal matter of some kind. 


2211.—Are nitrates and nitrites in themselves harmful ? 
Not unless in considerable quantities. 


2212.—If nitrates and nitrites are alone present, when would you 
condemn the water ? 


When they are found in a water-source hable to contamination 
of excremental filth. 





CHAPTER XXVI. 


EXAMANATION OF WaTER—continued. 





MICROSCOPICAL EXAMINATION OF WATRR. 


2213.—Of what value is the microscopical examination of water? 


Microscopic examination of water is a means of obtaining solid 
information as to the charactor of a water that has not received the 
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attention it deserves. Vegetable tissues, spiral vessels, or animal 
tissues, as muscular and elastic fibres, epithelium cells, and minute 
organisms, may thus be identified, and the probable source of the 
pollution ascertained. 


Living organisms of all kinds, animal and vegetable, are fre- 
quently met with. They indicate, of course, the presence of pabulum, 
but do not of themselves suffice to condemn a water. Bacteria, 
bacilli, vibriones (minuté jointed rods), and micrococci (spherical 
bodies), single grouped or in chains, require, as Lex has shown, 
organic carbonaceous matter, nitrates which they mostly reduce to 
nitrites, a trace of phosphates and oxygen (others, however, flourish 
best where oxygen is deficient), as ScHLossine, Munz and WOLLNY 
have proved. No water is free from them, but Kocu finds that their 
number affords an approximate estimate of itsimpurity. And while 
some are connected with the ordinary processes of decomposition, 
others—we cannot distinguish which—may be the germs of specific 
diseases. In either case it is clear that their presence in large 
numbers is very undesirable, 


The examination with the microscope can, however, alone give 
accurate information of the nature of the suspended matters. Very 
high powers (1000 or 1200 diameters) are necessary for a complete 
examination, though lower powers will give much valuable infor- 
mation. 


[From the study of the minute organisms habitually and occa- 
sionally present in air, water, and soil, it may be expected that, great 
advances in sanitary science will be made. } 


2214.— What is the relation of living organisms to water ? 


Living organisms of ali sorts and description, both vegetable 
and animal, are frequently met with in water. Their very presence 
naturally indicates the existence of a suitable food, which food is 
chiefly organic. They do not of themselves, however, entitle us to 
absolutely condemn the water in which they are found, yet a water 
containing an abundance of life must be regarded as inferior and less 
desirable than one that is clear and comparatively free from living 
organisms. The microscopical examination, therefore, forms an 
important supplement to the physical and chemical examination of 
water.* “Just as the mineral debris could afford usa clue to the 
nature of the strata of soil through which the water may pass, so the 
known habitat of certain organisms detected, should enable us, in a 
general way, to determine whether the water has been taken from a 
river, stream, lake, A pith well or other source. Indeed, if we were 
perfectly acquainted with the natural history of the forms occurring 
in a sample of water even in the absence of more definite information, 


Te ieamenonmad 





* From the AutHor’s Hygiene of Water and Water-Supplies. 
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we would have little difficulty in forming a conclusion to the source 
from whence the water was derived,”’* 


2215.— What is meant by the Microzyme test for water ? 


The Microzyme test for water is one that was originally intro- 
duced to ascertain whether micro-orga’1isms were present or not, 
but we now know that germs are present in all erates waters, 
and even in ice. ‘The test consists in adding two or three drops of 
the water to be tested to 2 C.C. of Pasteur’s nutrient fluid, the 
latter having been previously boiled in a sterilised test tube. 
If any bacteria, bacilli, etc., or their spores are present, the fluid 
in the test tube in a few days becomes milky owing to crowds of 
bacteria. This test is of little value to hygiene, although it tells 
us roughly the number of bacteria present, and enables those who 
follow this method of research to study the bacteorological and 
morphological characteristics of the germs. ‘The importance of the 
thorough acquaintance with the life history of the individual micro- 
organisms cannot be too strongly insisted upon. For example, by 
such means the spirillum of Asiatic cholera can be distinguished 
from other comma-shaped organisms, and inasmuch as 1ts presence 
may be an indication of contamination with choleraic discharges, 
such water should be condemned for drinking purposes, even though 
we may not yet be in a position to affirm that the microbe is the 
cause of the disease.”’ 

As, however, even distilled water and the purest ice water may 
contain bacteridia, the test cannot be used as a positive indication 
of good or bad water, except in connection with others, and with due 
regard to temperature, which has a great effect. Allit will show is, 
that the greater or less rapidity of appearance of opalescence will 
prove that microzymes are more or less abundant. 

In any water which contains nitrogenous matter (ofanimal nature, 
af any rate), sugar, and a little phosphate, fungi, will soon appear, 
andthe spores, no doubt, enter from the atmosphere. Spores, 
spore-cases, and delicate mycelium can be seen, and often bacteridis 
co-exist. If fungi are found in water, they indicate impurity, and 
such water should not be used if it can be avoided. The signi- 
ficance of the different forms is as yet obscure. 

Both spirillum and bacillus can also be often detected in water. 
In addition to microzymes the water will always contain various 
eilied protesta, which are usually termed monads zoogles which 
seem to have the same significance as bacteridia. 


2216.— Besides the Microzymic test mention another of importance 
Sor the detection of certain impurities in water. 


That of making cultivation experiments to ascertain the 
nature and number of the micro-organisms present. These are 


* A Guide to the Microscopical Examination of Drinking Water by J." 
MacDonatp, M.D., 2nd Ed. 
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oarried out by placing the microbes in suitable nutrient media in 
test tubes, or plates in which they can germinate and multiply. 


2217 .— What is meant by the biological test ? 


The biological test consists in the cultivation of any germs 
present in the water by bringing them into contact with sterilised 
nutrient media. This is-a form of examination that has led to much 
information already, and has opened out a new field of research, 
and we are convinced that it is capable of yielding excellent results 
when carried out in its integrity. 


2218 — How is the biological examination of water conducted ? 


As usually carried out the biological examination is conducted 
as follows:—A measured quantity of the water one C.C. or a 
fraction of a C.C. is mixed with a test tube full of liquefied sterilised 
nutrient gelutine which is then poured ona glass plate and placed 
under a bell-jar with suitable precaution to prevent the entrance of 
atmospheric spores. After a few days the germs or spores are found 
to have developed into recognisable colonies which may be counted 
gnd differentiated by their colour, their mode of growth, the lique- 
faction they produce in the gelatine, and other characteristics. 
Under microscope the colonies may be separated into the different 
varieties cf bacteria moulds and fungi and each colony may subse- 
quently be submitted to cultivation in test tubes of gelatine, blood 
serum, etc. 


If liquefaction of the gelatine be produced round a colony, it 
does not necessarily show that the germs there are pathogenic. 
Under the microscope the colonies may be separated into the dif- 
ferent varieties of bacteria, moulds, or fungi. To distinguish which 
are pathogenic, pure cultivations must be made of each colony sepa- 
rately, and animals inoculated therefrom (KLEIN). 


2219.—On the whole what conclusions may be arrived at in regard 
to the value of the biological test for water ? 


Biological science has not as yet sufficiently advanced to enable 
us to put a definite interpretation on the result of such experiments ; 
still we think tlrat it may be asserted with regard to a given water, 
that its wholesomeness corresponds with the number of vegetable 
germs present. This is not always so however. Flowing water 
with abundance of specifie germs may be less unwholesome than 
stagnant water containing fewer such microbes. 


22320.— When is the biological test specially valuable ? 


When it is desired to confirm the results of chemical analysis 
and not because it is capable of throwing any further light on the 
dangerous or harmicss qualities of a water. Under ordinary 
natural conditions waters found to be chemically pure are not capa- 
ble of causing disease; and all waters with but very few excep- 
tions which have caused disease, have been found by chemical 
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examination to be polluted—often grossly polluted. Distilled water 
infinitesimally polluted with a few grains of enteric fever stool is 
not a water contaminated under ordinary natural conditions, and it 
would probably be passed as pure and wholesome by the biologist 
who had counted the number of bacteria in a cubic centimetre, as 
well as by the chemist who failed to find evidence of organic polllu- 
tion sufficient to condemn it. 


2221.— What precautions are to be taken in collecting samples of 
water for biologial examination ? 


‘oo much caution cannot be exercised in collecting water 
samples for biological examination, for which purpose glass stop- 
pered bottle are the best adapted. They ougnt to be ae 
washed with distilled water, dried thoroughly and then sterilised 
by heating them in an air bath at a temperature of 180° C. for three 
or four hours. 


2222.—How mny we sterilize water ? 


To completely sterilise water or any other fluid, it is neces- 
sary to boil it, or merely raise the fluid to a temperature of 212° F. | 
without actual chullition, for a short period (half an hour) on three 
or four successive days. In this way, the spores, which escape 
destruction by the first boiling, have time to develop into adult 
bacteria, which are destroyed by the next boiling, and so on, 
until all the successive crops are disposed of. Boiled water thus 
ae is flat and eT and should be aérated before being 

unk. 


2223.—How do we proceed in making an ordinary microscopical 
examination of water ? 


We place a one of the water on a cover glass, and allow it to 
evaporate (preferably under a bell glass). This may be examined 
at once, or passed through a flame three or four times, and then 
stained with one of various aniline pigments. 


2224.-— What course is to be pursued inthe microscopical examina- 
tionof sediment when the amount of sedimentary matter 
is small ? 


When water is very turbid from an obviously impure source, it 
is easy enough to obtain a snfficient amount of sedimentary matter 
for microscopical examination, and a reliable estimate of the fitness 
of such water for drinking purposes may be thus readily formed. But 
it more frequently happens that the deposit, even after long standing 
is but slight, and when this is the case, we must have recourse to 
special means, by which the whole, or a large amount of the matters 
in suspension, may be concentrated, or collected together in a 
small compass. In the first place, a tall glass vessel should be 
filled with the water to be examined, and a circular disc of glass, 
attached toa long aluminium wire lowered to the bottom, when 
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the whole arrangement lightly covered, must be set aside for twenty- 
four or forty-eight hours as the case may be. 


At the end of the specified time, the water should be siphoned 
off with a piece of India-rubber tubing, so as to leave only a thin 
stratum of the liquid overthe glass disc. This should row be care- 
fully raised and laid upon blotting paper to dry its under-surface 
and remove the surplus moisture, when it may be at once trans- 
ferred to the microscope, with a large pice of covering glass, so 
placed upon it as to exclude all air bubbles. An ordinary watch 
glass may in some cases be substituted for the disc alluded to, with 
advantage, as being less likely to permit the loss of sediment by 
overflow, which is certain to happen with a plain surface. The 
operator must be cautioned not to use iron wire, which rusts 
so rapidly that it will soon throw down a flocculent precipitate. 
Another good plan, which is perhaps the better of the two, is to 
siphon off the water until only a sufficient quantity remains to 
permit the sediment to be shaken up with it, and poured intoa 
tall conical glass from which after standing again for a short time, 
portions may be taken up by means of a pepette, and placed on 

Alides for examinations. If the subsidence is observed to be com- 
plete it is rather an advantage to have a good body of water in the 
glass, or at least so much as will permit the pepette to be used 
with ease and facility. It may be observed here that it is very in- 
convenient to have too much fluid at a timeon a slide, The coverin 
glass will be unstable and liable to have its upper surface wetted, 
while the objects themselves will be tremulous, if they do not 
quite run out of the field. To obviate this, pepette, when taken 
out of the water, should be held in a vertical position for some little 
time, until the suspended matters gravitate to the bottom of the 
tube, when a well charged droplet might be placed on a number 
of separate slides and examined seriatim, This is, in fact, the only 
‘way in which a large sediment can be thoroughly inspected. 


2225.—Should the microscopic examination of samples of water be 
always carried out ? 


The microscopic examination of the sediment ought always to 
be performed where possible, as it often affords important informa- 
tion when the chemical investigation fails. Thus, the presence of 
such objects as muscular fibre, wheaten starch cells, mucous 
epithelium, disintergrating masses of paper, etc., are Sufficient 
alone to condemn water (especially if it be from a _ shallow 
well), even when the chemical constituents are within limits, as 
they are undoubted evidences of animal contamination, almost 
certainly sewage. In such cases the nitric acid is nearly always 
large in amount. 


2226.— What is the usual object of the microscopical examination 
of the sediment of water ? 


The object of this examination, in a majority of caser, is to 
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determine whether the water has been polluted with sewage or 
domestic refuse. ; 


2227 — What bodies are usually found in polluted water? 


Fibres of cotton, wool, or linen, starch cells, macerated paper, 
human hairs, yellow globular masses, and striped muscular fibres 
(undigested meat) with squamous epithelium cells, are all indica 
tive of contamination of the water with human refuse, and most 
probably with sewage. Amongst these matters, and feeding on 
them, will probably be found living organisms ofa low type, such 
as bacteria (micrococci, bacilli, and vibriones) amoebee, and in- 
fusoria. These organisms are not in themselves dangerous, but 
they indicate the presence of matters—chiefly organic—upon which 
they feed, and amongst them may be those disease-producing 
organisms which so often find their way into sewage. 


2228.— What precaution should be taken in order to collect the 


sediment 7 


The water should be allowed to stand for 12 to 24 hours. 

if a sample of water intended for dietetic purposes be turbid, 
-atall cylinder may be filled with it and allowed to rest, and after 
the surpernatant liquid has been removed by a syphon, the residue 
may be examined microscopically for low forms of animal or vege- 
table life, and for evidence of organic pollution from town sewage 
or manufactories, such as cotton, linen, or woollen fibres, muscular 
tissue, etc. 


2229.—Are all vegetable germs in water harmful 7? 


By no means; some indeed exercise a purifying influence by 
feeding on, and bringing about a disintegration of, the organic im- 
purities contained in the water. Certain forms of micro-organisms 
split up the nitrogenous (animal) matter and convert it into 
ammonia, nitrites, and later on nitrates. 

Some germs are related to ordinary decomposition processes ; 
whilst others, and we cannot distinguish which, may be the seeds 
of specific diseases. That certain forms of micro-organisms bring 
about specific diseases, such as enteric fever, cholera, etc., is now 
a generally recognised fact. These germs are the least readily 
determinable of all impurities, evading all chemical examination. 

Water containing an abundance of life must be regarded as 
inferior and less desirable, than one that is clear or comparatively 
free from living forms. 


22%30.— Describe the method of conducting plate cultivations. 


The follwing is recommended on good authority :—-A shallow 


glass dish is placed ona tripod stand, filled with water. covered 
with ao giass plate, and the level carefully adjusted by means of a 
spirit-level, which is then removed, aud replaced by a piece ot filter 
paper the size of the glass plates to be used, and then covered with « 

: s. The glass plates are put inéean iron caso and sterilised 
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in a hot-air steriliser heated to 150° C. (802° F.) where they are 
kept for an hour or two. The water in the dish is now pe by 
means of crushed ice ; a sterilised plate is removed from the casa by 
means of sterilised forceps, held between the finger and thumb by 
al a edges, and rapidly transferred to the filter paper on the glass 
plate. The vessel containing sterised gelatine is warmed in a vessel 
of water heated to 30° C. (86° F.)inoculated with the sample by means 
of a sterilised pepette, and well mixed by shaking, avoiding the 
formation of air bubbles; the bell-glass is raised, andthe gelatine 
is poured on to the plate: the plug being previonsly removed, and 
the gelatine is quickly spread over the plate by means of a ste- 
rilised glass rod to within half an inch of the border of the plate. 
The bell glass is replaced, aud the gelatine allowed to set. hen 
quite set, the plate is transferred to the damp chambcr. 


In two or three days the cultivation may be examined, and the 
eolonies counted; and for this purpose a glass-plate ruled into square 
centimetres, arranged on a frame so hae it may be placed over 
the plate containing the cultivation, may be requisite, so that the 
number of colonies beneath one square. and the number of lique- 
fying colonies also, may be counted. Individual organisms may 
then be examined by means of cover-glass preparations, and by 
further inoculations of nutrient gelatine and other media. 


Dr. Dupre (Report of the Medical Officer, in 14th Report, 
1884, p 304; 15th Report, 1885, p. 309; and 17th Report, 1887, 
p- 272, of the Local Government Board) has investigated the changes 
effected in the stration of water by the life processes of particular 
micro-organisms under different conditions of temperature, light, 
and nutrient material; but all that can at present be said is, that 
some organisms cause the disappearance of oxygen under the in- 
fluence of organic matter in the hght, others only in the dark. 


Professor W. R. Smiru, of King’s College, in the preliminary 
report on the Differentiation and Identification of Micro-organisms 
found in water-supplies, (Report of the Medical Officer, 1 7th Report, 
1887, p. 268) has also investigated the micro-organisms in the water 
supplied by two of the London Water Companies. 


2231.— What was the method adopted by Prof. W.R. Smitu P 


His method was to make gelatine plate cultivations at 20°C. 
(68°F .), and agar-agar plate cultures at 30°C. (86°F.) and with the or- 
ganisms thus developed mice were inoculated ; but in no case was any 
noteworthy result obtained. He did not detect any disease-produ- 
cing organism, but colonies of microphytes of multifarious character 
such as Bacillus fluorescens liquescens, Staple coccus flavus 
liquescens, Bacillus erythosporus, and others whose identity with 
known organisms was not established. But, whatever method 
be adopted, the information afforded is at present of very 
limited value, for (1) all the organisms introduced into the culture 
medium may not be capable of propagation in this latter; and 
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(2) each colony may possibly be the produce of one or more indiyi- 
dual organisms, but this is not likely; (3) accidental contamination 
of 8 water after collection may readily occur. 


22323.—What is Dr. Aneus Smitu’s method for recognising that 
micro-organiams are present in water ? 


It consists in introducing, by means of a capillary sterilised 
pepette, drops of the fluid into gelatine or gelatine-broth in test 
tubes plugged with sterilised cotton-wool, and heated to 35°—40° C. 
(95°—104° F.). The tubes are then shaken so as to distribute the 
inoculated liquid through the gelatine, which is then allowed to cool 
and set. After a few days the colonies of organisms that liquefy 
gelatine may be recognised as clusters disseminated through the 
gelatine (which they liquefy). The size of the clusters, their appear- 
ance and groupings, are then noted. Dr. Percy Frankianp (‘ Pro- 
ceedings of Royal Society,’ Vol. xxxvii, 1885, p. 379) and Dr. 
Wanrvnen, of Calcutta. (“Chemical News,’ Vol. 1ii, 1885, pp. 52, 66, 73, 
89 and 101) have pubhshed valuable methods of determining the 
relative numbers of micro-organisms present in waters, by means of 
plate cultivations. This may be done by adding ameasured small 

uantity of the water to be examined to a definite quantity of lique- 
ied sterilised nutrient gelatine, in a sterilised test tube. The mix- 
ture is well shaken and poured into a glass plate, placed beneath a 
bell-glass in a moist chamber and kept at a temperature of 70°— 
72° F. (21°—22°8 C.). After a few days the number of colonies, their 
shape, size, colour, and other characters, may be noted. 


The water is allowed to stand for few hours, till most of the 
particulate matter has subsided, and then a little of the fluid and 
sediment 1s withdrawn by means of a long capillary pepette. Some 
of the fluid and sediment thus removed is used for microscopic ex- 
amination whilst fresh ; whilst another portion is prepared after the 
WereertT-Kocn method; by spreading out the fluid ona cover-glass 
in a thin layer, drying it, fixing by passing three times through a 
flame, staiming with a suitable amline dye, such as methyl-blue, 
magenta, or gentian-violet ; washing successively with water, 
alcohol, and distilled water; drying, and then mounting the 
reparation in Canada balsam dissolved in benzene or xylol.’ 

est tubes containing sterlised cultivation material, such as 
agar mixture, gelatine, or Pasteur’s fluid, are also inoculated with 
the fluid in the pepette, by piercing the plug of cotton-wool 
with this. The test tubes are then placed inthe incubator for 
a day or two, and thena portion is withdrawn by means of a 
capillary pepette, and used for microscopic examination in order 
to ascertain what kinds of organisms are present; for the unaided 
eye generally suffices after a day or two’s incubation to ascertain 
whether organisms are present or not. New cultrvations may also 
be made from the first cultivation. [This is a good method for de- 
termining the presence of micro-organisms in water, though .lege 
useful in determining their characters. | at 
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2233.—Into what two large classes may we divide vegetable organ- 
isms foundin water ? 


Into (1) algee and diatoms, and (2) fungi. The former are present” 
in nearly all running streams, and, therefore, cannot be held to cen- 
tra-indicate the use of the water ; indeed, they may assist in purifyin 
and oxidising it. Fungi, on the other hand, requiring the presence o 
nitrogenous, carbonaceous, and phosphatic matter, are evidence of 
impurity. The so-called sewage fungus of Heiscu forms rapidly in 
water, to which sugar has been added if kept in a warm place. it is 
therefore not characteristic of sewage, but indicates an amount of 
decomposing organic matter enough to absolutely condemn any 
water. It presents the appearance of grape-like clusters of spherical 
transparent bodies, and in its growth it develops butyric acid, recog- 
nisable by its rancid odour. The spores are derived from the wir. 


2234.— What are Kocn’s and FRANKLAND’S methods of cultivating 
micro-organisms ? 

Dr. Kocn’s process consists in cultivating the lower forms of 
life, in a solid medium by means of which the growth of each colony 
is localised. The medium used by Dr. FRANKLAND in conducting 
this process is made as follows :— 


Infuse one pound of finely cut meat in half a litre of cold 
water and strain. 


Digest 150 grammes of gelatine in another half litre of cold water 
and mixing it with the meat extract, heat till the whole of the gela- 
tine is dissolved, when add 1 gramme of sodium chloride and 
10 grammes of solid peptone and mix. 


Now carefully neutralise this liquid with carbonate of soda; 
clarify by beating it up with two or three eggs, boil, strain through 
cloth and filter through sterilised bibulous paper. Upon cooling it 
sets to a transparent jelly. 


Before setting, 7 or 10 C.C. are poured into (each of) a number 
of clean sterilised test-tubes, which are afterwards Mh plugged 
with cotton-wool and again sterilised by steaming them for half an 

* hour at a time for three or four consecutive days. 


2235.—What conclusions may be arrived at when we find abund- 
ance of the lower forms of life in water ? 


It may be stated that the lowest organisms like bacteria when 
present in large numbers indicate that putrefactive changes are 
taking place, and generally that the presence of bacterfa, amcebss, and 
infusoria, must be regarded with great suspicion, because the pollut- 
ing materials with which they are associated are more likely to be 
dangerous than the vegetable masses from ditches and ponds amongst 
which the higher organisms are usually found. The bacteria of un- 
wholesome water a bal gelatine cultivation-media more readily 
than those from wholesome waters. 
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2236.—Are these methods generally employed ? 


They arenot, because no means are known which enable the 
microscopist and analyst to discriminate between pathogenic, zymo- 
genic, and presumably inert bacteria, by mere inspection. ; 

2237 .— What are the most important micro-organisms met with in 
water ? 


Of the vegetable organisms fungi are the most important, requiring 
the microscope for their detection. The chief forms of fungi met 
with in water as far as public health is concerned are, bacteria, 
bacilla, vibrios (minute chained rods), micrococci (spherical par- 
ticles singly or in clusters), all of which require as food organic car- 
bonaceous matter, nitrates which they reduce to nitrites, a trace of 
pe and usually oxygen. Many organisms, however, flourish 

etter in the absence of oxygen. No natural water is free from these 
vegetable germs. 


The number of micro-organisms in different kinds of water 
varies considerably, buton the whole corresponds with, and gives an 
approximate estimate as to the degree of impurity. Some important 
investigations carried out by Dr. PERcy FRANKLAND pointed out that 
the unpurificd water of the Thames contained about 1,000 micro- 
organisms to the drop, but after passing through the filters of the 
water companies, the same water contained on an average only 
20 micro-organisms. The actual mumber of germs in a water is of 
importance also from the fact that in their multiplication they 
generate poisonous bodies called ptomaines. 


Ordinary putrefactive bacteria, vibriones, and cocci may not in 
themselves be harmful, yet their presence in any numbers in water 
points to the probabilty of the existence of dangerous organic matter, 
this organic matter serving as a pabulum upon which such micro- 
organisms feed and multiply. They are the most pernicious of all 
impurities in water, for some forms of these microphytes produce 
disease in man. It need scarcely be said that they are invisible, some 
requiring the highest powers of the microscope for their detection.* 


2238.—What opinion may be givenas to the nunter of vegetable 
mcrobes permissible in water? 


Kocu is of opinion that a normal water is one which contains 
less than 300 germs in each cubic centimetre. FLUGGE and KROSKAWER 
would not permit more than 50 to 150 germs atthe most, and the 
Swiss Society of Analytical Chemists fixed the latter figure as their 
maximum. A. PFEIFFER condemns a water when the germs reach 
1,000 per cubic centimetre (FErp. Fiscnur, ‘ Zeitsch f. Angew Chemie,’ 
1889, No. 18). These conclusions are widely diverse, and no account 
is taken of the kinds of germ met with. It is obvious that until we 
have some means of distinguishing between innocent, ahd perhaps 


* From the AutHoR's //ygiene of Water and Water-Supplies. 
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beneficent germs, and those which are disease-producing, the nrere 
counting of germs is a valueless operation. 

A water that has an offensive smell, or exhibits many moving 
organisms, or on cultivation shows a number of colonies of diverse 
species, is absolutely unfit for use. 

The identification of the spores of fungt, and even of the myce- 
lium as seen in water, is so extremely difficult that it would be at 

resent rash to affirm that any fungoid elements are distinctive of 
zecal matter. The butyric acid smell also is given off by so many 
impure waters that it could hardly be used as a test for feces. 


2239.— Are micro-organisms usually met with in ordinary potable 
waters ? 


Microbes are always present in natural waters, even the purest; 
but their number is greatest in impure water. Both moving and 
motionless organisms are found—micrococci, bacteria, bacilli, spirilla. 
Most of them multiply rapidly in water, especially if impure, at the 
ordinary temperature, and they are continually recruited by aerial 
microbes.* Hence the number is constantly chanjguas and affords 
only a very rough indication of the quality of the water. If a small 
measured volume, say p C.C., of the water is added to nutrient gela- 
tine, and a plate cultivation made, the number of colonies can be 
counted. Little is known of the significance of most of the varieties 
met with, but the great majority are doubtless perfectly harmless. 
Some pathogenic microbes have been detected in natural waters ; 
among them those alleged to be the causes of cholera, enteric fever, and 
malaria. The comma bacillus thrives for months in sewage, but 
800n perishes in pure water. The same is true of bacillus anthracis, 
but the spores retain their vitality even in distilled water. A bacil- 
lus, known as Beggiatoa alba, characterised by the presence of grains 
of sulphur in its substance, is found in mate water and in sulphur 
ot Hb It grows freely in water containing sewage, and also in the 
effluents from certain manufactories, especially sugar factories and 
tan-yards. Thedense flocculent greyish-white masses of Beggiatoa 
have been regarded as evidence of the presence of sewage. They re- 
duce sulphates, and will grow in water in which sulphates abound, 
whether derived from sewage or not. 


2240.— Are the larger organisms of putrefaction dangerous ? 


Evidence on this point is not very clear, although it tends to 
show that such organisms are rather beneficial than harmful, inasmuch 
as they consume or live on the smaller and more dangerous ones, 


2241.— Are putrefactive fungi in water harmful ? 


At present there seems no reason to think that common (pwtre- 
factive) bacteria and vibriones are in themselves hurtful, but they 


* A sample of water from a deep chalk well contained 7 microbes when fresh, 
21 vais standing for a day at 20° C., 495,000 after standing three days \FRANK- 
LAND). 7 
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indicate the existence of putrefactive organic matter, which is a dan 
ger. But there may be, and probably are, forms of bacteria which 
are more dangerous, and which may hereafter be distinctly differen- 
tiated by careful cultivation. For this purpose a sample of the 
water must be examined by mixing a small measured portion with | 
gelatine jrspeaey prepared) or other nutrient medium. This, 
when fluid, is poured over a glass plate, and set aside in a cultivat- 
ing apparatus. Ina day or two, colonies of minute organisms will 
show themselves. These can be counted by the microscope, and stated 
as sO many per cubic centimetre. Note may also be taken of the 
‘characters of each, and whether or not they liquefy the medium. 
Separate pure cultivations can then be made. 


It may be stated that the lowest organisms like bacteria, when 
present in large number's, indicate that putrefactive changes are 
taking ape and generally that the presence of bacteria, amcebe,, 
and infusoria, must be regarded with great cep because the 
por ons materials with which they are associated are more likely to 

e dangerous than the vegetable masses from ditches and ponds, 
amongst which the higher organisms are usually found. 


Pollution of water with vegetable matters may be recognised by 
the presence of vegetable cellular tissue, fungi and moulds, algsa, 
- diatoms, desmids and conferve. Amongst decaying vegetable matter 
will be found an abundance of microscopic living organisms, includ- 
ing bacteria, amoeba, euglens, infusoria vorticellze or water worms, 
rotifera or wheel animalcules, entomostraca, daphnia puex (water 
flea), cyclops quadricornis, amphipoda, vicopeds and tardigrada 
(water bears), the larvw of the water gnat, and the pupa forms of 
other insects, besides many others. 


2242.—Whai is the relation of vegetable life fungi, alge, etc., to 
water ? 


Of the vegetable fungi met with in ‘water, we have bacteria, 
bacilli, vibriones, (minute chained rods) micrococci (spherical par- 
ticles, singly or in chains), all of which require as food organic car- 
bonaceous matter, nitrates, (which they reduce to nitrites), a trace of 
gevlecaat and oxygen. Many micro-organisms, however, flourish 

etter in the absence of oxygen. No natural water is free from these 
vegetable germs, and the number present gives an approximate esti- 
mate of its impurity (Kocu). Jt need scarcely be said that these 
bodies are invisible and therefore all the more dangerous. 


Some germs are related to ordinary decomposition processes, 
whilst others, and we cannot distinguish which, may be the seeds of 
Bpecific diseases. 


The vegetable organisms which cause the most trouble and in- 
convenience are those which appear as greenish specks, or minute 
straight or curved threads, diffused through the water—visible 
enough if a large quantity of water be looked at, but perhaps almost 
escaping notice in the small quantity which would be taken up in a 
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single glass. It 3s true that the individual plants are in some cases 
@istinguishable by the naked eye; but their form and structure can 
be a out only by use of the microscope. If collected together as a 
scum, which often happens, especially on the windward shore of a 
the scum is not coherent, is easily broken up, either by a wind 
getting in the opposite direction, by a shower of rain, or by artificial 
agitation.. The appearance has been sometimes described as that of 
meal or of fine dust scattered through the water. The number of 
individuals is almost infinite; and under favourable conditions they 
increase with great rapidity. 
While very mea elip os of the minute alge present this general 
appearance, the number of species which are known to increase to a 
eat extent as to completely fill the waters of ponds of several acres 
in euaeoae and to cause sensible inconvenience, is comparatively 
small. 


, 2243.— What are the chief living organisms found in water ? 


Rhizopoda, infusoria, hydrozoa, rotifera, scolecida, ento- 
mostraca, and insecta are found in water, together with fungi, 
alge, diatomacess, and many other organisms’ For the most part 
these are believed to be harmless in themselves, though infusoria, 
(e.g., paramsecium, vorticella,) and fungi indicate the presence of 
impurities. Among the parasites which are believed to be 
conveyed by water are certain tape-worms, the guinea-worm, Doch- 
mius duodenalis, Bilharzia, and leeches. They may be found in the 
adult or embryonic form, or as ova. 


2244.— What parasites have been found to gain-entrance into the 
human being through drinking water ? 


Anchylostoma(or selerostoma) duodenale; Ascaris lumbricoides, 
Bilharzia hemotobia, Bothriocephalus latus, Distoma hepaticum, 
Dochmius (or strongylus) duodenalis, Filarian dracunculi, and 
Filaria sanguinis hominis. 


2245.—Of what parasites have the embryos or eggs been found 


in water ? 


Tenia solium; SBothriocephalus latus; Ascaris lumbricoides 
(round worms); Oxyuris vermicularis (thread-worms); Filaria 
sanguinis hominis, the embryos of which are sucked from the 
blood by mosquitos and then transferredto water; Bilharzia hema- 
tobia; and Distoma hepaticum (liver fluke of sheep). The guinea-worm 
(Filaria dracunculus) is said to penetrate into the subcutaneous 
cellular tisaue of the legs of bathers, whilst leeches may fix them- 
selves in the pharynx and cause much hemorrhage. 


" 2246.—What is the sewage-fungus? What are its peculiarities 
and habitat ? 


The sewage-fangus (Beggiatoa alba) is found in waters oon: 
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taining an abnormal amount of sulphates derived either direct! 
from sewage or from substances used in precipitating sewage, an 
also from manufacturing refuse and waste waters. The fungus 
form dense flovculent greyish-white masses attached to floatin 
vegetation or to the banks of streams. Under the microscope it 
is seen to consist of an immense number of colourless threads con- 
taining bright strongly refractive globular particles of sulphur. 
The threads branch dichotomously. 


[Under the microscope, sewer water contains various dead 
decaying matters, and in addition multitudes of bacteria and 
amosbiform bodies, as well as some ciliated infusoria, especially 
aramecia. Fungi (spores and mycelium) are seen, but there are 
ew diatoms or desmids, and not many of the higher animals, such 
as rotifera. | 


2247.— Whai animal parasitic forms are found in water ? 


Of the anima! kingdom, the rhizopoda and infusoria are 
abundantly represented in pools, tanks, andrivers. They are them- 
selves harmless, but point to an existing pabulum of organic matter 
in the water, which in many cases is in such quantity as to lead to 
serious contamination. Hydrozoa and rotifera are trequently pre- 
sent in good water. Namatods are often found in impure water. In 
this order are included the round and thread worms (which may 
inhabit the alimentary tract of human beings), the embryo of the 
guinea-worm, and the filaria sanguinis hominis, which plays. 
such an important part in the production of elephantiasis and 
chyluria. These latter animal parasites are met with in the water 
of ceriain areas in which the affections created by them are 
endemic. The ciliated embryo of broad tape-worm passes through 
its first stage of development in the alimentary canals of certain 
fishes (eels and pike). Leeches are frequently met with in water. 
They are often dangerous from the great bleeding they may eause 
from the throat or stomach when they gain access to those organs. 
The absence of fish and molluscs in perennial rivers and tanks, 
denotes very bad water. Water fleas (cypris), cyclops, daphnea, 
etc., are found in apparently good water. 


[Among higher animal forms the hydrozoa, rotifera and entro- 
mostraca occur 80 frequently, especially in spring time, in running 
brooks, that little weight can be attached to their presence. 
Anguillule, on the other hand, require so much organic impurity 
for their nourishment that they must be looked on with great 
suspicion; while leeches and the eggs or embryos of filarta, 
ascarides, flukes, and the various species of scolecida, and other 
entozoa are of the highest importance in themselves. The Bothrto- 
cephalus or tape-worm of Hastern Europe, has‘recently been dis- 
covered to be in its Jarval stage parasitic in the pike fish. TLeeches 
have been known to cause dangerous hemorrhages from the fauces 
and stomach; and in the tropics the guinea-worm, Bilharsia, etc., 
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enter the human body from the water of tanke and like poliuted 
sources. | | 


2248.— May vegetable micro-organiems be found in ice ? 


They may, and as a matter of fact they are frequently present 
init. In connection with impure water should be mentioned impure 
ice. Ice is purer than the water from which it forms, but if cut 
from a foul pond or if manufactured from impure water it will 
itself be foul, and the vitality of some oe organism is not 
destroyed by their being frozen, as is shown by the fact that samples 
from the centre of blocks of ice will inoculate sterilized infusions 
with the germs of putrefaction, precisely as the water of which 
the ice is composed would have done before it was frozen. Disease 
has been traced to impure ice, and it may be that it is more fre- 
quently due to this cause than has heretofore been supposed ; at all 
events it is well to bear the possibility in mind. 


2249.— What is the siqnificance of ALGX, DIATOMS and DESMIDS in 
water ? 


Algse, diatoms, and desmids are found in almost all run- 
ning streams. and are also seen in many well waters. They cannot 
be held to indicate any yreat impurity; and to condemn water on 
account of their presence would be really to condemn all waters, 
del rain, in which minute algoid vesicles (protococci) are often 
ound. 

The forms of the various conferve in water are very numerous ; 
some being cnloured green, whilst at other times they are quite 
colourless, round, isolated, or clustered vesicles. The immature 
forms may not be easy of identification. The diatoms are always 
readily recognised and identified. It may be stated generally that 
organisms of a grass-green colour, such as the green alge, need not 
be objected to; but the bluish-green, such as the oscillatorians, 
nostoc, etc., are less desirable; not that they are probably directly 
injurious, but as indicating an impure water, and as being apt to 
give rise to an unpleasant (“pig-pen”) odour. Leptothriz ochrea, 
which was at one time thought to be connected with a special 
disease poison, is really harmless, and is mostly found in waters con- 
taining a good deal of iron peroxide; such waters are usually 
singularly free from noxious organic matter. 


There is no reason to believe that the presenée of these minute 
algw gives an unwholesome character to the water; and the incon- 
venience caused »y their presence and decay is fortunately of short 
duration, being, as a rule, for only a few weeks of the year. They 
are not a sign of impurity, as they grow in ponds which are far 
removed from all sources of contamination; still a pond known to 
be subject to snch growth would be, on this account, less desirable 
a6 a source of supply. There is no means known of preventing the 
growth, but by a properly-conducted filtration the water may be 
made much more acceptable to the eye and to the taste. 
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2250,— What ie the signifiance of rhisopoda in water ? 


Rhizopoda, especially amabe and similar forms, may often 
be detected with the microscope. They appear to indicate, like 
bacteridia, the existence of putrefying substances, but this is not 
yet certain. They are not found in first-class waters. 


2251.—What is the significance of the various forms of EUGLENA 
in water ? 


Buglenz (of different species, such as EH. viridis, E. pyrum, 
etc.) are found in many waters, especially of ponds and tanks. 
Ciliated, free, and rapidly moving infusoria, belonging to several 
kinds of common protozoa, such as kolpoda, paramecium, coleps, 
stentor, kerona, stylonychia, ozytricha, ete., are also found. The 
abundance of these bodies indicates, of course, that the water 
contains food for them, and this must be either vegetable or animal 
organic matter. but the mere presence of these enfusoria will not 
show which it is. Hassatui noticed, however, in 1850, that the 
Thames water below Brentford, where it was mixed with sewage, 
swarmed with paramecia, while at Kew, where the water was freer 
from sewage mutters, they had almost disappeared Subsequent 
observations have not, however, proved the relation between 
paramecia and animal matter in the water to be sufficiently con- 
stant to allow the former to be used as a test of the latter. Fixed 
or slow moving infusoria, as the vorticelle, are also often seen in 
river waters. 


In many waters the living objects in the above five classes 
comprise all that are l:kely to be seen, but in the other cases there 
are animals of a larger kind. [Hydrozva, especially the fresh 
water polyps, are common in most still waters, and do not indicate 
anything hurtful. 


2252.— What forms of worms are found in water ? 


Worms, or their eggs and embryos, belonging to the class 
Scolecida, may occur in water, ana are of great importance. The 
eggs and joints of the tape-worm, the embryos of Bothriocephali, 
the eggs of the round and thread-worms, and perhaps the worms 
themselves, the guinea-worm, and other kinds of filaria ; the eggs 
of Dochmius duodenalis, and other distomata, and the embryos of 
Bilharzia, have all been recognised in water, though it has not yet 
been shown that in all cases they can be thus introduced into the 
human body. 


2253.— What may be said with regard to the presence of infusoria 
in drinking water ? 


As far as at present known, the existence of infusoria of dif- 
ferent kinds is not hurtful, though they may indicate by their 
abundance the presence of organic impurity, which they are proba- 
bly useful in getting rid of. The effect of microzymes, algsx, or 
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fungt, in drinking water is also a matter of which little or nothing 
is known, enone? it is very probable that future research may 
bring out something important in this direction, a line of research 
which is now only in the initial stage.* 


The distinctly animal forms of rhizopods and infusoria are- 
abundant in ponds, tanks, and some river waters; harmless in 
themselves, they prove the presence of organic matter, and some 
seem to point to serious degrees of pollution. 


CHAPTER XXVII. 
DIsEASES PRODUCED BY CONSUMPTION OF IMPURE WATER. 


2254.—In general terms what may be said to be the relation 
Letween impure water and disease ” 


_ Daily increasing evidence shows the intimate relation between 
impure water and disease. The rapid strides made in that branch 
of sanitary science that has for its object the investigation of disease- 
causes, place us in a position to state that the nature and quality of 
the water used by a community isa matter of vital significance. 
There is no factor that plays such an overwhelming part in the pre- 
servation of the public health as that of water-supply. Instinct 
taught this to the ancients, but prolonged and sad experience, 
together with developed science, have demonstrated it to us. It is 
really no exaggeration to affirm, that the unrestricted supply of 
water in a pure state is the first essential of decency, of comfort, 
and of public health. Without such a supply the poorer classes are 
bound to remain in a low stage of civilisation. Any great limitation 
to its use in towns, cities, and municipalities must keep the mass of 
the people in a condition of the most unwholesome filth and degra- 
dation. To the people of India the quality of their water-supply is 
perhaps more important than it is to any nation in existence, for t 

are the greatest water-drinkers known. It may in fact be consi- 
dered their universal beverage. No greater improvement to a 
locality can be made than that of supplying each household, and 
each inhabitant, with wholesome water. Every occupied house of a 
town, municipality, or village should have, within a convenient 
distance, an available supply or wholesome water, sufficient for 
consumption and for domestic purposes. Such limitation of its use 
a8 we see in the bustees of Indian towns (and in many more advanced 


countries also) is necessarily associated with a condition of material 
and unwholesome filth. 
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Town Commission in their invaluable reports. It was there 
shown that want of water leads to impurities of all kinds, the person 
and clothes are not washed, or are washed repeatedly in the same 
water, cooking water is used acy or more than once; habitations 
become dirty, streets are not cleaned, sewers become clogged, and in 
these various ways a want of water produces uncleanliness of the 
very air itself. The consequence either of a short supply of water 
for domestic purpose, or of difficulty in removing water which has 
been used, are very similar. 


It is absolutely necessary that there should be a good supply of 
pure water in the neighbourhood of human habitations. Ruvers, 
when not contaminated with sewage, are available for this purpose. 
In ancient Rome there were officers, Curatores Alvw et Itiparum 
whose duty it was to take care of the banks of the Tiber and to 
regulate its channel. The channels of rivers, it should be remem- 
bered, are always liable to detcrioration from physical causes in 
‘constant action. 


2255.—Short of producing pronounced disease may impure water 
act detrimentally to health ? 


Short of producing any active disease, the continuous use of 
foul water may bring about a general impairment of health, a 
lessened immunity from, and an mcreased liability to diseases of all 
kinds. All these maladies may owe, not only their origin, but also 
their continuation and propagation to infected water. 


2256.— What are the chief ways in which impure drinking water 
produces disease ? 


. (1) By its containing organic matter, vegetable or animal, living 
or dead, including in this, suspended parasites, their ova, or spores ; 
and (2) by having dissolved in it excess of certain saline bodies, 
such as chlorides, carbonates, and sulphates of lime and mag- 
nesia, etc. 


2257.—Compare in respect of hygienic importance the several 
classes of impurities met with in water ? 


The organic impurities are by far the most important conasti- 
tuents of water, and they are the most powerful in producing disease. 
The saline bodies, when in excess, are not without their injurious 
effects, but when found they are more or less constant and unvarying, 
can be determined with accuracy, and the diseases they bring about 
can be readily and with certainty connected with them. Dead 
organic matter may give rise to diarrhoea, dysentery, malarial fevers, 
etc., but living organic matter in the form of specific micro-organ- 
isme may bring about specific diseases, such as cholera and enteric 
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. 2258.—Is there any connection beiween impure water and epidemic 
Me diseases ? ‘ (= 


There is a marked connection between certain epidemic diseases 
and impure water, so close indeed is this connection, that one is 
almost inclined to hazard the statement that such diseases can 
scarcely spread widely in a community, without its influence. 
It isasafe thing to assume that any severe outbreak of bowel- 
complaints in a community should call the attention of the sanitary 
authorities to the condition of the water-supply. 


The experience in English towns has been reproduced in India. A 
remarkable instance is the case of the town of Burdwan, which carried 
out works for the supply of water for domestic purposes which were 
opened in December 1884. Previous to the construction of these works, 
the town was notoriously unhealthy, with a death-rate of 42 per thou- 
sand, which has now been reduced to 20 per thousand. In the town of 
Calcutta the death-rate now varies between 25 and 26 per thousand, 
although much remains to be done to perfect the present system of 
water-supply and drainage, which is rapidly approaching completion. 
The data wate in the suburbs of Calcutta, in which water-supply 
and sewage works are about to be commenced, is now between 44 
and 69 per thousand. The cholera death-rate has been reduced 
from an annual average of 4,056 to 1°492. The deaths from fever 
have been reduced in the following proportions :— 


Periods of three years. Total deaths from fever. 
1877—1879_. : : . 16,038 
1880—1882 . ; : . 11,180 
1883—1885  . : : - 10,891 
1886—1888 . : . . » 9,873 


A similar experience has followed the introduction of a pure 
water-supply into the Residency Bazars, Hyderabad, and into part 
of Cudderghaut (a large and important suburb of the City of Hyder- 
abad). 

In all localities and under all heads of disease a steady improve: 
ment has followed the introduction of drainage and water ore 


One thing is certain, wherever the use of unwholesome water 


has been supplanted by a purer supply, there cholera had consider. 
ably decreased. 


2259.-—JIs it casy to prove the relation of cause and effect between 
say certain constituents of impure water and diseases ? 


It isnot. Indeed, it is one of the most difficult matters to satis- 
factorily prove the sanitary effect of certain impurities contained in 
water, that is, to show the connection between the results of an 
analysis, and the pathological effects produced by the use of that 
water. This arises from our knowledge of the subject being less 
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definite than is desired. Thus, the good or bad effect of moderatel 

hard waters containing chalk is an open question; and although 
waters containing sewage, metals, living organisms, animal refuse, or 
salts, in excess,.are decidedly objectionable, waters having traces of 
them may be used with impunity. It is, however, generally recog- 
nized that water can be considered good and potable when it is fresh, 
clear, without odour ; when its savour is very weak; when it is 
especially neither distasteful, salt, or sweetish; when it contains 
little of extraneous matters; when it is sufficiently aerated; when 


it dissolves soap without forming clots; and when it cooks vegeta- 
bles well. 


2260.— What are the hyqvienic considerations connected with 
water rendered impure by vegetable matter ? 


Vegetable matter may be present in water, which is 
characterised by its brownish tint, the dissolved impurities some- 
times do not exceed two grains per gallon. In the absence of a 
purer supply, a water of this description cannot be pronounced 
objectionable, provided that it is not stored in leaden cisterns and 
that the supply is constant. If stored in open air ponds or reser- 
voirs it is improved by oxidation and light; and it is further im- 
proved by filtration through gravel and sand. 


Water which contains a considerable amount of vegetable matter 


partly in suspension and partly in solution, is decidedly unwhole- 
some. 


It has been known to produce violent outbreaks of diarrhea, 
and since the days of Hippocrates downward, it has been popu- 
larly acknowledged to be productive of ague, and otker malarious 
ailments. In India there are several special instances on record in 
which ague has been much lessened in smal] communities by using 
well, instead of surface water, and there are good grounds for 
believing that apart from the influences attaching to improved 
drainage, the great decline of this disease throughout many parts 
of England where it formerly prevailed, is in some measure due to 
the use of purer water (PARKES). 


Tt has been frequently stated that the readily oxidisable organic 
matters in water are the most dangerous. This opinion has pro- 
bably arisen from the idea that a substance in rapid chemical 
change is more likely to excite some corresponding and hurtful 
action in the body; and it may be true, but there is no existing 
evidence which can be trusted on the point. There is, on the other 
hand, some evidence that animal matters forming fatty acids give 
rise to salts which, though not oxidising into nitrous and nitric 
acid, are as hurtful as the more oxidisable substances. 


With regard to tho origin of certain diseases said to be due to 
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hese fungi, it is quite possible that it is only when a water contgin- 
ng these germs is undergoing progressive deterioration, and, 
axposed to certain conditions of weather capable of bringing about 
the multiplication of tke germs, that these diseages arise. 


2261.—For water to produce specific disease what is necessary ? 


That it be contaminated with the maleries morbi, germ, or 
specific poison of that disease, which is usually one of the fungi. 


The injurious action of water contaminated by the specific 
poisons of disease is said by many to be unlimited both as to time 
and space—that once a water receives even a small specific contami- 
mation, it is ever afterwards dangerous, no matter how long or far 
it may flow or percolate. This is a very sweeping statement, and 
is contradicted by the fact of the proved wholesomeness of many 
waters that have been specifically contaminated. Indeed, were 
such an extreme view as this to be true, we in India should for ever 
be in danger of falling victims to fatal disease, for almost all rivers 
and wells are so contaminated.* 


There is happily another proposition established by experrence— 
that the causes which produce high mortalities are within the 
‘control of local authorities, and by substituting pure water for dirty 
or suspicious water, and by the prompt removal of filth, an 
abnormal death-rate may be considerably reduced and made to 
approximate to normal proportions. It is because this fact has 
been so thoroughly established, that the law gives large powers to 
the Municipal Boards to summarily deal with private rights and 
interests, in cases affecting the public health. 


2262.—Show the effect of a pure water-supply upon communities 
by special examples ? 






Death-rate per thousand. 
Popula- aes ners Before intro- After intro- 
tion. supply duction of duction of 
; public public 
water-works.| water-works. 


Name of town. 













Chester Ss : 


QGildersome _.., 4,000 2,000 27 
Hull 4 149,000 215,000 31 16° 
Manchester... |_ 1,000,000 2,850,000 33. COS 247 





a ateeeeea aed 


Avruon’s Hrviene of Water and Water, 
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2263.—Give a table showing that the introduction of a pure water- 
supply decreases the death-rate of a town ? - 


That an impure and insufficient water-supply is coincident with 
a high death-rate is shown in the following table:— 





Water-eupply, TDeath-rate | 








Name of Town. | Population. ar per per 1,000. REMARES, | 

Christiana eat 122,036 39:7 18°44 2) 

London ...| 4,000,000 31:25 20°40 | £ 
Baltimore sat 408,520 54:00 21°90 { be 
Boston 7 400,000 73°30 22°00 & 
Philadelphia ...| 1,000,000 $415 2230 ts 
Genoa | 137,037 24°50 22-57 + 
Rangoon Tl 134,176 28:00 292 |f & 
Stuttgart 4 110,000 26°40 23°50 2 
Rotterdam . 162,139 22°45 23°50 : a 

‘The Hague we 130,000 17°60 23°60 Ay 
‘Chicago aie 560,693 102°50 23°60 | 

Trieste ae 146,357 44. 30:00 

Lahore ss 128,000 10°00 3191 Wells. 

St. Peteraburg .. 929,093 2130 35 20 Polluted river. 
Oairo oe 450,000 er 37 00 Do. 
Madrid eae 397,816 33 38°30 

Seville ie 132,798 7°26 39 82 Partly river. 
Delhi - 173,393 oF 47°86 Wells. 
Ahmedabad ne 124,767 an 49°07 Pollated. 
Pekin rT 500,000 be 50°00 Subsoil water. 
Veramgam wie 18,990 — 61°24 


2264.— What was Prof. Parkes’ opinion as to the advisability of 
supplying communities with an abundant supply of pure 
and wholesome water ? 


“That although it is net at present possible to asign to every 
impurity in water its exact share in the eer reel of disease, or to 
prove the precise influence on the public health of water which is not 
extremely impure, it appears certain that the health of the community 
always improves when an abundant and pure watcr-supply is given ; 
and, apart from this actual evidence, we are entitled to conclude 
from other considerations, that abundant and good water is a pri- 
mary sanitary necessity.” 

With regard to the meCSatty of an abundance of pure wholesome 
water, Sir Joun Srmon remarks*:— 

“ The doctrine in gencral terms. that a vast mfluenceis exercised 
over the health of cominunities by the quality of the water-supply 
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‘which they consume, is one which, as far back in literature as any 
reference to such questions could be expected to exist, may be seen 
to have universal medical consent in its favour, and during long 
ages of history the common instincts of mankind were even surer- 
and stronger than undeveloped science. Of the many invaluable 
additions and improvements which medical knowledge has received 
during the last quarter of a century, scarcely any can, in my opinion,,. 
be compared for practical importsnce to the discoveries which have 

given scientific exactitudes to parts of the above stated general doc- 

trine, and have enabled us definitely to connect the epidemic spread 
of bowel infections in this country (England) with the existence of 
certain faults of water-supply. Not only is it now certain that the 

faulty public water-supply of a town may be the essential cause of the 

most terrible epidemic outbreaks of cholera, typhoid fever, dysentery 

and other sllied disorders, but even doubts are widely entertained 

whether these diseases or some of them can possibly attain general 

prevalence in a town, except where the faulty water-supply develops 

them.” 


“Water should bedistributed not only to every house, but toevery 
floor in a house. If this is not done, if labour is scarcein the houses 
of poor people, the water is used several times ; it becomes a question 
of labour and trouble versus cleanliness and health, and the latter too 
‘often give way. Means must also be devised for the speedy removal 
of dirty water from houses for the same reasons. In fact, houses Jet 
out in lodgings should be looked upon, not as single houses, but as a 
collection of dwellings. as they really are. 


2265.—I[s extensive underground fillration effective in removing 
disease causes ? : 


The epidemic of enteric fever in Lausenne in Switzerland, where 
the specifically infected water which caused the outbreak, had passed 
underground through the earth for a distance of half a mile, shows 
that filtration, which was found at the time sufficient to prevent 
the passage of finely ground flour previously mixed with the 
water, was not capable of destroying or removing the specific 
disease poison. 

We kmuow of acase where the current of the underground 
water striking around the cesspools of a house, on its way to the 
well used for the water-supply of this house, gave rise toa serious 
outbreak of typhoid fever, showing the necessity of either doing 
away with the cesspool-system in this particular case, or of 
adopting a different position for such cesspool. 


{The Rivers Pollution Prevention Act, 1876, provides that no 
rivers or streams sha]l be polluted through the admission of crude 
sewage, even from the existing sewers. The question then arises, 
how ere we to deal with the cewage of towns, villages, and country 
mansions in a manner so as to be inoffensive? Numberless. 
plans have been suggested for dealing with this question. } 
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2266.— What are the pathological indications of impure water- 


supply 7 
1. Diarrhwa ss. : : a 
2. Dysentery : : ‘ 
3. Dyspepsia . ; ‘ 
4, Enteric (typhoid) fever ‘ 
5. Cholera morbus : : . | Arising from contami- 
6. Scarlet fever . : : nation by decompos- 
7. Diphtheria : ing organic matter 
8. Malarial diseases (ague, remittent or specific germs. 
fever, enlarged spleen and liver, 
anzemia.) ‘ ‘ 
9. Furunculus . ; : ; q 
10. Anthrax ; : ; 
11. Entozoa From the presence of 


parasitic ova. 

12. Bronchocele (goitre) . From excess of lime 
and magnesia salts. 

13. Calculi. 

14. Sallowness of skin 


15. Colic 


— ere eyed 





16. Disorders of sensation : . | From presence of lead 
17. Amaurosis. ‘ ; in injurious propor- 
18. Tremors : ; ‘ : tions. 


19. Paralysis : ; 
20. Copper, zinc, arsenic, and mercury- 
poisoning . : ‘ 
2267 — What wre the chief diseases arising from impure water ? 

Bowel complaints—cholera, dysentery, and diarrhwa ; malaria 
fevers and the diseases connected with malaria—ague, remittent 
fever, enlarged spleen, anewmia or bloodlessness, and liver diseases; 
ae enteric or bowel fever; dyspepsia or indigestion ; urinary 
calculi, goitre, external and internal animal parasitic diseases, as 
guinea-worm and round-worms. 

2268.—State briefly the relations existing between certain diseases 
and impure water ? 

Diseases due to impure water, are—Diarrhea, due probably 
to the presence of organic matter, chiefly of animal origin. 
Suspended fine mica scales have also been accredited with the pro- 
duction of this disease. 

Dyspepsia, or more properly certain gastric symptoms to which 
the popalee term dyspepsia is applied, are said to be caused by the 
use of bad water. 

Dysentery.—Several epidemics of this disease have been traced 
to the use of impure water, especially when impregnated with 
‘sewage. 
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Ague ard other malarious fevers. 


Miasmatic contagious disease.—Typhoid fever and cholera have 
been cleurly traced to the use of impure water, and it is always 
advisable to examine the condition of water at the commencement 
of a sudden outbreak of either of these diseases. 


2269.— For practicat purposes what are the two chief clasees of 
vegetable micro-organiems ? 


(1). Some germs which are related to ordinary decomposition 
processes; and (2), connected with the production of certain specific 
diseases. ‘l'hat certain forms of micro-organisms bring about 
specific diseases, such as enteric fever, cholera, &c., 18 nOW & 
generally recognised fact. These germs are the least readily de- 
terminable of all impurities, evading all chemical examination. 

At present there seems no reason to think that common (putre- 
factive) bacteria and vibriones are in themselves hurtful, but they 
indicate the existence of putrefactive organic matter, which is a 
danger. But there may be, and probably are, forms of bacteria 
which are more dangerous, and which may hereafter be distinctly 
differentiated by careful cultivation. 

The admixture of even a small quantity of these infected dis- 
charges with a large volume of drinking water is sufficient for the 
propagation of those diseases amongst persons using such water. 


2270.— What effect 1s likely to be produced by organic matters ? 


The oxygen decreased, and the carbonic acid increased; the 
amount of nitrogen is usually constant. 


2271.—Which is the more dangerous. fresh or putrefying sewage ? 


The latter is decidedly the more dangerous. Putrefying sewage 
apart from containing the specific poison of disease, is probably the 
most dangerous impurity water can contain. 


2272.— What is the relation of diarrhea to drinking water ? 


That diarrhoea may result from the drinking of impure water, 
no sanitarian will doubt. The diarrhoea thus produced may be of 
@ varied character, and be due to a variety of causes. 

1. Sulphuretted hydrogen in a water may cause diarrhwa. In 
the Mexican War of 1861-62, a form of diarrhcea was produced 
by the drinking of water abounding in alkaline sulphides (Poncer), 
Medicinal sulphuretted waters (e.g., those of Harrogate) are well 
known purgatives. Other fmtid gases in water (e.g., sewer gases) 
may produce a similar resu!t. 

cetid gases.— Water containing much hydrogen sulphide will 
ve rise to diarrhwa, especially if organic matter be also present. 

n the Mexican War (1861-62), the French troops suffered at Orizaba 
from a peculiar dyspepsia and diarrhosa, attended with immense 
disengagement of gas and enormous eructations after meals. The 
eructed gas hada strong smell of hydrogen sulphide. This was 
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traced tothe use of water from sulphurous and alkaline springs ; even 
the best waters of Orizaba contained organic matter and ammonia in 
some quantity. The experiments of Professor WEBER have shown 
what marked effects are produced by the injection of hydrogen 
sulphide in solution in water into the blood; is it possible that water 
containing animal organic matter may occasionally form SH, after 
absorption into the blood, and that the posionous effect of some water 
may be owing tothisP The symptoms of poisoning by water contami- 
nated by sewage are sometimes very like those noted by WxBER in his 
experiments, viz., diarrhosa and even choleraic symptoms (lowering 
of temperature), and irritation of the lungs, spine, liver, and kidneys. 

The absorption of sewer gases, as when the overflow-pipe of a 
cistern opens into the sewers, will cause diarrhmwa. ‘This seems 
adie proved by the case recorded by Dr. GrEENHOW in Mr. 

IMON’S second report (PARKES). 

2. Suspended matters, animal (foecal), vegetable, and mineral, 
may cause diarrhowa, some of these—e.g., clay, mica, etc.—may 
act as simple mechanical irritants, whilst suspended animal and 
vegetable substances may act specifically upon ‘ie intestinal tract. 

3. Dissolved nitrogenous organic matter.—An excess of this 
if of animal origin, may provoke diarrhoea. ‘That derived from 
cemeteries is generally supposed to do this in a marked manner. 
The writer’s experience is, however, that such dissolved matters 
are not generally more prone todo this than other animal substances. 

The animal organic matter derived from graveyards appears 
to be especially hurtful; here also ammonium and calcium nitrites 
and nitrates may be present. 

Impure water plays an important part also in producing 
diarrhea. ‘This is especially the case if the impurity arises from 
decomposing animal and vegetable matter. But sometimes dis- 
solved or undissolved mineral matter also creates the disease, and 
many observations made on this latter point show that the diarrhea 
so prevalent on the hills is due to suspended mica scales, and finely 
divided particles of silica. 

Outbreaks of diarrhoea are also very liable to appear when 
well water becomes contaminated with the animal organic matter 
derived cither from graveyard or other sources, 

4. Dissolved mineral matters.—These, even when of the most 
simple and innocuous character, when in excess may have a pur- 
gative effect, as is seen in the case of many purgative medicinal 
waters. Sulphate of magnesium and sulphate ot calcium are most 
notable as producing this effect. The illness produced may be of a 
specific character, as in the case of contamination by lead or by 
chromium. 


Dissolved mineral matters, if passing a certain point, pro- 
duce diarrhawa. Bovupin refers to an outbreak of diarrbova at Oran, 
in Algiers, which was distinctly traced to bad water, and ceased on 
the cause being removed; the composition of the water is not expli- 
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citly given, but it contained lime, magnesia, and carbonate of soda. 
Sulphates of lime and magnesia also cause diarrhooun, following some-. 
times constipation. The selenitic well waters of Paris used to have 
this effect on strangers. ParENT-DU-CHATELET noticed the constant 
excess of patients furnished by the prison of St. Lazare, in conse- 
quence of diarrhcea, and he traced this to the water, which “ contain- 
ed a very large proportion of sulphate of lime and other purgative 
salts ;” and he tells us that Pine had noticed the same fact twenty 
years before in a particular section of the Salpétriére. In some of 
the West Indian stations, the water drawn from the calcareous 
formation has been long abandoned, in consequence of the tendency 
to diarrhoea which it caused. 

Calcium nitrate waters also produce diarrhma. A case is on 
record, in which a well water was obliged to be disused, in conse- 
quence of its impregnation with butyrate of calcium (105 grains per 
gallon), which was derived from a trench filled with decomposing 
animal and vegetable matters (PARKES). 


2273.— Whut is the relation between suspended animal and espe- 
cially fecal matters and diutrrhea ? 


They have produced diarrhoea in many cases, such water always 
contains dissolved organic matters to which the effect may be partly 
owing. 

n cases in which the water is largely contaminated with sus- 
pended sewage, itis important to observe that the symptoms are 
often markedly choleraic (purging, vomiting, crampsand ¢. cn some 
loss of heat). This point has been again noticed by Ovprnkor of 
Astrachan, who found marked cholera symptoms to be produced by 
the water of the Volga, which is impregnated with sewage. Seven 
cases in one houseof violent gastro-intestinal derangement (vomiting, 
diarrhoea, colic and fever) produced by water contaminated by 
sewage, which had passed into the cistern are recorded by Dr. GIBLE. 
In the prison at Halle an outbreak of diarrhma, was traced by Dr. 
Do.BEucK to the contamination of water with putrid substances, 
In St. Petersburgh the water of the Neva which 1s rich in organic 
substances gives diarrhoea to strangers. 

Suspended animal and vegetable substances, washed off the 
ground by heavy rain into shallow wells, have often produced diar- 
rhoea, as at Prague in 1860. 


2274.— What relation has dissolved vegetable matter to diarrhea? 


There is some evidence to show that this produces diarrhoea. 
WaANELyYn cites the case of the Leek workhouse and also that of 
Biddulphmoor, in both of which vegetahle matter in solution 
appeared to produce diarrhoa (PARKES). 

Vegetable matters in water in solution or suspension may cause 
diarrhea. Water drawn from peat is not objectionable; it should 
not be stored in lead cisterns, and should be filtered before it ig 
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used; it has been known to cause diarrhea. Water from marshes 
shonld be avoided, it may cause diarrhoea. 


9275.—What is the relation between dissolved animal: organic 
matter and diarrhea ? 


The opinion is very widely diffused that dissolved putrescent 
animal organic matter, tothe amount of 4 to 14 parts per 100,000 
may produce diarrhowa. This is possibly correct, but two points 
must be considered, Ist, that there are usually other impurities 
which aid the action of the organic matter, and, 2nd, that organic 
matter, even to the amount of 14 to 21 parts per 100,000 may exist 
without bad effects if it be perfectly dissolved. In the latter case, 
the water is, however, always clear and sparkling, never tainted or 
disagreeable. The frequent presence of other impurities renders it 
difficult to assign its exact influence to dissolved organic 
matters. ; 

In the case of a well-ventilated court in Coventry, where diar- 
rhwa was constantly present, the water contained 8:1 part per 
100,000 of volatile and combustible matter, but then it contained 
also no less than 150 parts of fixed salts, which, as the water hada 
permanent hardness of 74 degrees (metrical scale) after boiling, 
must have contained considerable quantities of calcium and mag- 
nesium sulphates and chlorides. te also contained alkaline salts, 
nitrates and ammonia. ‘The composition was therefore so complex, 
that it is difficult to assign to the organic matter its share in the 
effects. The animal matter derived from graveyards appeared to 
be especially hurtful, here also ammonia and calcium nitrates and 
nitrites may be present.* 


2276.— What is the relation of suspended vegetable substances to 
diarrhoea ? 


In England and also in the Jate American Civil War, several 
instances have occurred of diarrhoea arising from the use of surface 
and ditch water, which ceased when wells were sunk ; possibly there 
might be also animal contamination. It is not therefere quite 
certain that suspended vegetable matter was the veri causa. 


2277.—Is vegetuble matter injurious ¢ 


Yes, excess of it either in suspension or solution may cause 
- diarrhwa. 


2278.—IVhat is the relation between suspended mineral substances 
and diarrhea ? 


Clay or marl, as in the cases of the water of the Maas, the 
Mississippi, the Missouri, Rio Grande, Kansas, of the Ganges, and 
many Bthee rivers—will at certuin times of the year produce diar- 
rhea especially in persons unaccustomed to the water. The hill 
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diarrhoea at Dharamsala and other hill stations in India, as Darjee- 
ling, is produced apparently by suspended very fine scales of mioa. 


2279.— What is the relation of foctid gases in water to diarrhea ? 


Fotid gases.—Water containing much hydrogen sulphide will 
give rise to diarrhoea, especially if organic matter be also present. 

The absorption of sewer gases, a8 when the overflow-pipe of 
cistern opens into the sewers, will cause diarrhea. 


2280.— What special agents in tank water has been known to 
give rise to diseaee ? 


Excess of mineral matters, particles of mica and silica, with 
organic salts, which may give and has given rise to, diarrhoa, 
dysentery, and even ulceration of bowels, dyspepsia, etc., in those not 
accustomed to it. 


2281.— What rules did the late Prof. Parxss lay down in regard 
to the relation between wmpure water and disease ? 


1. An endemic of diarrhea, in a community, is almost always 
owing either to impure air, impure water, or bad food. If it affects 
a numberof persons suddenly, it is probably owing to one of the 
two last causes: and if it extends over many familics, almost cer- 
tainly to water. But asthe cause of impurity may be transient, it 
is not easy to find experimental! proof. 

2. Diarrhoea or dysentery, constantly affecting a community, 
or returning periodically at certain times of the year, is far more 
hkely to be produced by bad water than by any other cause. 

3. A very sudden and localised outbreak of either enteric 
fever or cholera is almost certainly owing to introduction of the 
poison by water. 

4. The same fact holds good in cases of malarious fever, and, 
especially if the cases are very grave, a posgible introduction by 
water should be carefully inquired into. 

&. The introduction of the ova of certain entozoa by means of 
water is proved in sOme cases—is probable in others. 


2282.— What is the relation of certuin forms of impurities in 
water to dyspepsia ? 


Symptoms which may be referred to the convenient term 
dyspepsia, and which consist in some loss of appetite, vague un- 
easiness or actual pain at the epigastrium, and slight nausea and 
constipation, with occasional diarrhoea, are caused by water con- 
taining a large quantity of calcium sulphate and chloride, and the 
magnesian salts. Dr. SuTHERLAND found the hard water of the red 
sandstone rocks, which was formerly much used in Liverpool, to 
have a decided effect in producing constipation, lessening the 
secretions, and causing visceral obstructions; and in Glasgow, the 
substitution of soft for hard water lessened, according to Dr. LEecu, 
the prevalence of oy Pert complaints. It is a well-known 
fact that grooms object to give hard water to their horses, 
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on the ground, that it makes the coat staring and rough—a result 
which has been attributed to some derangement to digestion. The 
exact amount which will produce these symptoms has not been 
determined, but water containing more than 8 grains of each sub- 
stance individually or collectively appears to be injurious to many 
ersons. ‘This would correspond to about 10 degrees of permanent 
ardness. A much less degree than this will affect some persons. 
In a well water at Chatham, which was found to disagree with so 
many persons that noone would use the water, the main ingre- 
dients were 19 grains of carbonate of lime, 11 grains of calcium 
sulphate, and 13 grains of sodium chloride per gallon. The total 
solids were 50 grains per gallon. In another case of the same kind, 
the total solids were 58 grains per gallon, the calcium carbonate 
was 22, the calcium sulphate 11, and the sodium chloride 14 grains 
per gallon. 
Iron, in quantities sufficient to give a slight chalybeate taste, 
often produces slight dyspepsia, constipation, headache, and 
general malaise. Custom sometimes partly removes these effects. 


2283.— What is the relation of marsh water to malarial diseases ? 


Marsh water has, however, from early times been considered 
unwholesome and a provocative of disease. Hippocrates refers to 
the popular notion in his time, that those who drink the water of 
marshes get hard and enlarged spleens. ‘The inhabitants of marshy 
tracts of country are pretty generally agreed that these waters 
may produce fevers. 


2284.— May water cause malariul diseases ? 


It may. Ague, and other malarial diseases, although mostly 
caused by breathing malarial air, is sometimes due to water. ‘That 
marsh water creates enlarged spleen and ague was known to 
the ancients. 

Apropos of this origin of ague, we might relate the case of a 
European officer who recently arrived in India and went on a 
shooting excursion. On the first day he forgot to convey his 
bottle of water, and was obliged to drink the impure water of a 
swamp or jhecl. The afternoon he did so he suffered from a severe 
attack of ague, and the following morning had symptoms of an 
attack of acute dysentery. 

That the drinking of marsh water is a cause of intermittents, 
has becn so generally adopted that the possibility of the mtroduc- 
tion of the cause by means of water, as well as of air, was over- 
looked. Still, it has been a very gencral belief among the inhabi- 
tants of marshy countries that the water could produce fever. 
Henry MarsuatL, says that the Singhalese attribute fevers 
to impure water “especially if elephants or buffaloes have been 
washing in it,” and it is to be presumed that he referred to 
periodical fevers. On making some inquiries of the inhabitants of 
the highly malarious plains of Troy during the Crimean War, 
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Dr. Parxes found the villagers universally stated, that those who 
drank marsh water had fever at all times of the year, while those 
who drank pure water only got ague during the late summer and 
autumnal months. The same belief is prevalent in the South of 
India and in Western Candeish, Canara, Balaghat, and Mysore, 
and inthe deadly Wynnad district, it is stated by Mr. ButiincTon, of 
the Madras Civil Service, that it is notorious that the water 
produces fever and affecfions of the spleen. The essay by this 
gentleman gives, indeed, some extremely strong evidence on this 
point. He refers to villages placed under the same conditions as to 
marsh air, but in some of which fevers are prevalent, in others 
not; the only difference is, that the latter are supplied with pure 
water, the former with marsh or nullah water full of vegetable 
debris. In one village there were two sources of supply—a tank 
fed by surface and marsh water, and a spring; those only who 
drank the tank water got the fever. In a village (Tulliwaree) no 
one used to escape the fever; Mr. BILLINGTON dug a well, the fever 
disappeared, and, during fourteen years had not returned. 


Another village (Tambatz) was also “ notoriously unhealthy ” ; 
a well was dug, and the inhabitants became healthy. Nothing 
can well be stronger than the positive and negative evidence 
brought forward in this paper. Dr. Moore also noted his 
opinion of malarious diseases being thus produced, and M. Com- 
MAELLE has since stated, that in Marseilles paroxysmal fevers 
formerly unknown have made their appearance since the supply to 
the city has been taken from the canal of Marseilles. Jn reference 
also to this point, Dr. TowNsEND, the Sanitary Commissioner for 
the Central Provinces in India, mentions that the natives have a 
current opinion that the useof river and tank water in the rainy 
season (when the water always contains much vegetable matter) 
will almost certainly produce fever, (i.e, ague), and he believes 
there are many circumstances supporting this view. In this way 
the prevalence of ague in dry elevated spots is often, he thinks, to 
be explained. He mentions also, that the people who use the 
water of streams draining forest lands and rice fields, suffer 
more severely from fever (ague) than the inhabitants of the open 
plain drawing their water from a soil on which wheat grows. In 
the former case there is far more vegetable matter in the water. 
The Upper Godavery tract is said to be the most aguish in the 
province, yet thereis not an acre of marshy ground, the people use 
the water of the Godavery, which drains more dense forest land 
than any river in India. 


In the “ Lavells” (of south-west of France the water from 
the extensive sandy plain contain much vegetable matter, obtained 
from the vegetable deposit, which binds together the siliceous 

articles of fhe subsoil. It has a marshy smell, and, according to 
AURE, produces intermittents and visceral engorgements. Dr. 
BuanE, in his papers on Abyssinia, mentions that on the march from 
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Massowah to the Highlands, Mr. Praipeavux and himself, who drank 
water only in the form of tea or coffee, entirely escaped fever, 
while the others who were less careful suffered, and, as Dr. Biane 
believes, from the water. 

The same facts have been noticed in England. Many years 
ago Mr. BiomeR, of Bedford, mentioned a casein which the ague of 
a Village had been much lessened by digging wells and he refers to 
an instance in which in the parish of Houghton, almost the only 
family which escaped ague atone time was that of a farmer who 
used well water, while all the other persons drank ditch water. At 
Shurness the use of the ditch water which is highly impure with 
vegetable debris has been also considered to be one of the chief 
causes of the extraordinary insalubrity. 

At Versailles a sudden attack of ague in a regiment of cavalry 
was traced to the use of surface water, taken from a marshy 
district. 

The case of the “ Argo” recorded by Bovupin, is an extremely 
strong one. In 1834, 800 soldiers in good health embarked in three 
vessels to pass from Bona in Algiers to Marseilles. They all 
arrived at Marseilles the same day. In two vessels there were 
680 men without a single sick man. In the third vessel, the “ Argo,” 
there had been 120 men ; thirteen died during the short passage 
(time not given), and of the 107 survivors no less than 98 were 
disembarked with all forms of paludal fevers, and as Bowp1n him- 
self saw the men, there was no doubt of the diagnosis. The crew 
of the “ Argo” had not a single man. 

All the soldiers had been exposed to the same influence of 
atmosphere before embarkation. ‘The crew and the soldiers of the 
“ Argo” were exposed to the same atmospheric condition during 
the voyages, the influence of air seems therefore excluded. There is 
no notice of the food, but the production of malarious fever from 
food has never been suggested. The wuter was however different, 
in the two healthy ships the water was good. The soldiers on board 
the “ Argo” had been supplied with water from a marsh, which 
had a disagreeable taste and odour: the crew of the ‘‘ Argo” used 
pee water. The evidence scems herc as nearly complete as could 

e wished. 

One every important circumstance is the rapidity of develop- 
ment of the malarious disease und its fatality when introduced in 
water. It is the same thing as in the case of diarrhoea and dysentery. 
Hither the fever-making cause must be in larger : aurea in water, 
or, what is equally probable, must be more readily taken up into 
the circnlation and carried to the spleen than when the cause enters 
by the lungs. 


Tn opposition, however, to ail these statements ‘must be placed 
a remark of Finker’s, that in Hae and Holland, marsh water is 
daily taken without injury. But in Hungary, Dr. Grosz states that 
to avoid the injurious effects of the marsh water, it is customary to 
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mix Condy with it “a custom which favors hypertrophies of the 
internal organs.” Professor Cotin, of the Valde Grace, who is so 
well known for his researches on intermittcnt fever, is also inclined 
to question the production of paroxysmal fevers by marsh water. 
He cites numerous cases in Algiers and Italy, where impure marsh 
water gave rise to indigestion, diarrhea, and dysentery, but in no 
case to intermittent fever, and in all his observations he has never 
met with an instance of such an origin ofaguo. He therefore denies 
this power, and in reference to the celebrated case of.the “ Argo’ 
without venturing to contest it, he yet views it with suspicion, and 
the question whether BoupIn has given the exact results. An in- 
structive case, however, is recorded by Brigade-Surgeon Favent. 
The artillery quartered at Tilbury Fort (in the Gravesend district) 
have generally suffered more or less from ague, whilst the people 
at the railway station, and the coast guard and their families in 
the ship lying just outside the fort never suffered from malarious- 
oisoning. The troops have been supplied with drinking water 
m the underground tanks which receive rain water from the 
roof of the barracks, whilst the other persons above mentioned 
draw their drinking water from a spring near the railway station. 
From December 1873 to July 1874 the troops were supplied from 
the same source on account of the barrack tanks being out of order, 
At stations where care is taken with the water-supply and espe- 
cially where suspended matter is prevented as muchas possible 
from getting into the water, the disease is slight. The introduc- 
tion of a pure water-supply in inland stations in India is invariably 
connected with improved general health, but specially with decrease 
in malarial diseases. 


2285.—Give an tnstunce af cxcessive annual rainfull causing 
malarial disease. 


A remarkable instance of excessive raintall, causing an outbreak 

of malarial disease, occurred at Kurrachee, in Scinde, in 1869. 
The average annual rainfall in Scinde in 11 years (1856-66) was only 
6°75 inches; and the greatest rainfall in that time was 13°9 inches 
(1863;. In 1867 the rainfall was 2°73, in 1868 it was 3°36 inches, 
whilein 1869 it reached the unprecedented amount of 28°45 inches; 
of which 13°18 fell in July and 8°39 inches in September. April, 
May, October, November, and December were rainless. ‘Che lst 
Batt., 21st Regiment, had the following attacks of paroxysmal fever 
por 1,000 of strength :—In April, none ; in May, 9; in June, 39; in 
uly, 30; in August,93; in September, 105; in October, 189; in 
November, 1,004; and in December, 644. In December the regiment 
was embarked for Madras, as it bad “thoroughly lost heart.” The 
disease was not fatal, as the death-rate for the year, from all causes, 
‘was only 25°7 per 1,000. At Kurrachee, as the rainfall is usually so- 
small, the ground dries fast, and is then non-malarious. e 
ground is flat, and there is no subsoil drainage. In 1866, when 
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there was heavy rainfall (13°75 inches), there was also a develop- 
ment of malarial disease, which was continued in 1867.* 

Impure water is credited with being a fertile source of 
‘dysentery. The connection of this disease with the use of impure 
water has been well recognised for many decades. 

CHEVERS in India, OHAMPOUILLON in France, and McGricor in 
the Spanish Peninsula, have each observed outbreaks of dysentery 
from the same now well-recognised cause. Generally, it may be 
stated that those forms of water-pollution—gaseous, soluble, and 
suspended matters—which produce diarrhoea may, under other 
circumstances, produce dysentery. 


2286.—Whut is the relation of cholera to the consumption of 
mmpure water ? 


In lower Bengal, and in some of the larger towns and cities 
of India, cholera is endemic. It has occasional epidemic out- 
breaks in those places, but an entire cessation of the disease rarely 
occurs, or occurs only at certain seasons of the year. When the 
circumstances under which this dreadful disease takes place are 

resent, and it has once made it appearance, it may spread to an 
indefinite extent. Water is one of the chief means by which cholera 
is spread. There are doubtless other agencies through which it 
may be diffused, such as impure air, toul clothes, etc., yet water, 
in most outbreaks, plays an important part in this respect. This 
is shown from the great decrease of the disease in Calcutta and 
Madras since a supply of pure water tothose cities has been intro- 
duced. The chief water-supply of Calcutta was formerly from open 
tanks and the Hoogly river. The tanks were subjected to con- 
tamination in various ways. Into the river Hoogly the night soil of 
the city was allowed to flow, and dead bodies (many probably the 
corpses of deceased cholera patients) were thrown. ‘he matter was 
inquired into and a new and improved water-supply was started, 
with the result that the number of cholera cases has decreased by 
one-half. 

A few instances will show how impure water brings about 
‘cholera. Several hundred emigrants were on board a ship in the 
Indian Ocean. All the people used the drinking water that was 
supplied in Calcutta from the public hydrants, one of the coolies 
got cholera. The issue of Calcutta water was prohibited, and pure 
water, distilled from the sea, used instead. The distilling apparatus 
Rot out of order, and Calcutta water had to be used once more. 

he day this was done several fresh casesof cholera occurred. The 
only conclusion to be arrived at is that the water inthe public 
hydrants was contaminated. But how isthe water rendered impure 
in such a way as to give riseto choleraP It is generally believed 
that the poison of cholera exists in the excreta of patients suffering 
from the disease, and that water becomes in some way or other 
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affected by these excreta. In many outbreaks, the soiling of the 
water by the excrement of cholera patients has been proved. A 
notable instance occurred in London in 1854, A little girl was 
attacked with cholera in the streets. Her evacuations were passed 
near a pump, the material finding its way to the water in the pipes 
below. In oy hours, 145 persons suffered from the disease, and all 
those who suffered obtained their water from this pump. Further, 
at this time, 8 woman living some miles away, got the disease, and it 
was proved that this person, preferring the water from that particn- 
lar hydrant, used it with the result recorded. 

Few of the earlier investigations of cholera appear to have 
imagined that the specific poison might find entrance by the means 
of drinking water. There is an intimation of the kind ina remark 
by Dr. MuLuER, and Jameson alludes to the effect of impure water, 
but in a cursory way. 

In 1849 the late Dr. Snow in investigating some circumscribed 
outbreaks of cholera in Horsleydown, Wandsworth, and other 
places came to the conclusion that, in these instances, the disease 
arose from cholera evacuations finding their way into the drinking 
water. Judging from the light of subsequent experience, it now 
seems extremely probable that this was the cuse, and to Dr. Sxow 
must certainly be attributed the very great merit of discovering 
this most important fact. At first, certainly, the evidence was de- 
fective, but gradually fresh instances were collected, and in 1854 
occurred the celebrated instance of the Broad Street Pumpin 
London, which was investigated by a committee, whose report 
drawn up by Mr. Joun Marsnatt, of University College, with great 
logical power, contains the most convincing evidence that, in that 
instance, at any rate, the poison of cholerafound its way into the 
body through drinking water. : 

In 1855 Dr. Snow published a second edition of his book, 
giving an account of all the cases hitherto known, and adding 
some evidence also as to the introduction in this way of other 
specific poisons. , 

Cholera is endemic—that is, it is always present to a greater or 
less extent—in Lower Bengal. It has there occasional epidemic 
outbreaks; but an entire cessation of the disease occurs only for a 
few months of the year. In several of the large towns and munici- 
an of India, itis also endemic, asin Calcutta, Bombay, Benares, 

yderabad and its suburbs, etc. When the conditions favourable to 
the propagation of this disease are present, and it has once made its 
appearance, it is liable to disseminate toan unlimited extent. Water 
is one of the chief means by which the disease is spread. There are 
doubtless other agencies by which it is diffused, such as air speci- 
fically contaminated, foul clothes, food, etc., yet water in most out- 
breaks plays an important part in this respect. This is shown from 
the decrease of the disease in all those areas where it was endemic 
on the establishment of a permanent supply of pure water—Calcutta 
and Madras for example. 
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The water-supply of Calcutta was formerly from open tanks 
and wells, andthe Hoogly river. The tanks and wells were con- 
stantly subjected to various forms of pollution. Intothe Hoogly 
the night-soil of the city was allowed to flow; and dead bodies 
(many probably the corpses of deceased cholera cases) were thrown. 
A new and improved water-supply was started some years ago with 
the happy result of a decrease in the general death-rate, and in 
particular of mortality from cholera. A similar statement holds 
good of Madras. Sir Jonn Simon writes: “The discharges from 
the bowels of infected patients, escaping into wells and other 
water-courses, are indubitably a powerful means of contagion. 
Water so polluted has been at the bottom of many widespread and 
decimating epidemics.” The whole of the literature of hygiene or 
sreventive medicine is pervaded with thoroughly authenticated 
instances to prove this. 


2287 .—Give any special instances of this kind that have come under 
your own observation. 


A few instances that have come under our own obscrvation will 
serve to show how impure water brings about cholera :— 

(1) When in charge of several hundred Indian emigrants on 
board a sailing vessel in the Indian Ocean, cholera broke out. All the 

ople had up to this time used the drinking water put on board at 

alcutta. The issue of this water was at once prohibited and dis- 
tilled sea-water used instead. But the distilling apparatus got out 
of order, and we were obliged to return to the Calcutta water. The 
day we resumed its use several fresh cases of cholera took place. 
The only conclusion one can come to is that the Calcutta water was 
polluted in such a manner as to be capable of creating the disease. 

(2) In investigating the cause of an outbreak of cholera 
amongst some wadders (daily labourers) near the village of Khair- 
atabad (Hyderabad, Deccan), we discovered that the people attacked 
procured their water from a putrid pool close at hand. As each 
person lived separately, there is reason to consider that they were 
all affected by a common cause, and that cause we believe to be the 
poison contained in the foul water they drank ; for, on stopping the 
use of the water, the disease disappeared from the locality. 

(3) On another occasion, on the confines of the village of Khair- 
atabad, we saw a woman washing the soiled clothes of her.deceased 
husband (who had succumbed to cholera) in a small tank, from 
which several people were atthe time drawing water for drinking 
purposes. ‘The tank was, of course, at orce closed, but the truth of 
the astonishing ignorance of the lowest classes of the people remains, 
and causes us to wonder that a disseminating epidemic has not 
visited us long ere this. Such facts as these should arouse the 
energies of every intelligent being todo his utmost to disperse a 
knowledge of the rudiments of sanitation throughout the length and 
breadth of this Empire. Cholera prevailed in this village for several 
days after this, 
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(4) Last year while seeking the cause of cases of cholera in 
Begum Bazaar, a suburbof Hyderabad, we entered several huts where 
patients were suffering from the disease. In one hut we founda man 
prostrated with cholera. He had passed his stools on the ground 
around, and had vomited on several parts of the floor, soiling also his 
cooking utensils and a lofah. On making enquiries we found that his 
wife had just drunk water out of this very lotah. The man recovered, 
but his unfortunate wife died of the disease, the victim of appalling 
ignorance. 

[A direct proof of the contagiousness of the excreta of cholera 
patients is given in the following often-quoted cases. A small 
quantity of a cholera stool was mixed by accident in water contain- 
ed in an earthenware vessel. The chatty was exposed tothe sun 
for many hours. Next morning nineteen persons cach swallowed a 
small quantity of this water. Within 35 hours, five of them were 
geized with cholera. Instances of outbreaks of cholera from 
water specifically contaminated by the excreta of cholera patients 
abound in medical and hygienic literature ; we would add but the 
few foregoing to the long list already in existence. Aswe have 
said before, cholera arises in other ways than through polluted 
water, but there is a consensus of opinion amongst authorities on 
the subject, to the effect thatimpure water is the main factor that 
brings about its extension. We need not enterinto this relation, 
except in stating that it is now beyond doubt that some of the most 
appalling outbreaks of cholera have been definitely linked with 
ra water-supply. In the year 1879 five millions of people died 
in India, 34 millions from fever, and 265,000 from cholera. In the 
Chudderghant Municipality in the year 1888 there occurred 736 
cases. About 2ths of these proved fatal. Against the polluted 
water theory of cholera production is the fact, that most of those 
who drink such water escape cholera. Butthe same may be said 
with regard to enteric fever, and to us this exemption indicates 
that two factors are necessary to the production of cholera— 
(1) a specific poison (be it a bacillus, or ptomaine or animal 
alkaloid, or organic poison), and (2) a good nidus or breeding ground 
in the alimentary tract of the individual consuming the water, 
giving rise to a susceptibility to the discase. | 


2288.— What two diseases are said to be especially related to the 
level of the subsoil water ? 


Cholera and enteric fever. 


2289.— Have any observers confirmed PETTENKOFER’S theory 7? 


Yes, inthe report of D. D. Cunnixanam and the late R. T. 
Lewis it was shown that cholera at Calcutta in 1873-4 followed 
the curve of the ground water-level inversely that is exactly in 
accordance with PETTENKOFER'S views. 

The existence of specific poisons, capable of producing 
cholera and typhoid fever, is attested by evidence so abundant 
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and strong as to be practically irresistible. These poisons are 
contained in the discharges from the bowels of persons s i 
from these diseases. 

Cholera and enteric fever, diarrhaa and dysentery, we know to 
be sometimes spread by means of infected or polluted water. 

Drinking-water has been found to be so closely associated with 
several outbreaks of cholera in England and India, as to leave no 
room for doubt that it is an occasional factor of the highest im- 
portance. 


2290.—Give the details of what i knownas the Broad Street 
Pump outbreak of cholera ? 


The district, in which a formidable outbreak of cholera ocecur- 
red, had a population in 1851 of 42,272, and was not a low-class dis- 
trict. During August, 1854, cholera was prevalent in the locality 
but not to a serious extent, but on September Ist the disease broke 
out with fearful violence, and continued till the morning of the 5th, 
when it began to abate. One of the chief features of this memo- 
rable outbreak was its suddenness, and the large number of m- 
dividuals simultaneously attacked in different parts of the district. 
The total number of deaths from cholera recorded in September in 
this limited area was 609, orl4°2 per 1000 of the population. This 
district contained a public pump—the Broad Street pump; and 
this pump was the centre of the infected district, for startin 
thence, a person walking at a moderate pace in any direction would 
have gone beyond the limits of the infected area within three 
minutes. A special examination showed that the water of the well 
was contaminated by filtration from a cesspool during the time 
of the cholera outbreak. Though the water of the well was 
grossly impure, it was in great repute throughout the neigh- 
bourbood for drinking purposes, and was much liked, being cool, 
sparkling with carbon dioxide gas, and keeping well, in consequence 
of the large quantity ofsaline matter it contained. But on exposure 
to the air for a few hours it lost its freshness, and became i ace 
ina few days. Dr. Syow was able to show that not only was the 
outbreak, properly so called, principally confined to the area about the 
pump, but that 61 out of 73 persons who died during the first two 
days had been accustomed to drink the pump-water; that in the 
workhouse, where the well-water was not used, the deaths from 
cholera were only one-tenth of the ratio prevalent in the neighbour, 
hood ; that no less than 9 per cent. of the people ina factory where 
the water was drunk daily died; and that 70 men employed in 
brewery in Broad Street, and who never drank the water, all pecaed 
cholera. Investigation of mumerous individual cases entirely conr 
firmed the conclusion that the Broad Street pump water was mainly 
instrumental in propagating the outbreak of disease. 1g 

2291.—Give the details of the 1866 le connected with the 

: Haat LondonWater Company swpoply ? Fi 


4 


- Perhaps a still more striking experiment was made in the east of 
37 
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London, in the cholera outbreak of 1866, by the Haat London. 
Water Company, which, in the language of the Rivers Pollution 
Commissioners (‘Sixth Rep.,’ p. 145) Gateitutca ‘unfiltered water. 
excessively polluted with sewage, and which, in the opinion of Mr. 
Netten RaDCLire£, was eluant contaminated with the excrement 
of the first two patients who died in that year of cholera in the east 
districts of London.’ Now the district of the East London Company 
supplied with water from this Old Ford reservoir, was the rtion 
of their district which was the sole area of intense cholera in London 
in 1866. Again to quote Sir Joun Simon’s words, ‘The area of 
intense cholera in 1866 was almost exactly the area of this parti- 
cular water-supply, nearly, if not absolutely, confined to it and 
scarcely, if at all, reaching beyond it’ (Jbid., p. 144). 

[Water from water-courses, canals, ditches, and rivers is mostly 
very impure, and is liable to carry disease-causes. Thus the epidemic 
of cholera which visited the south of London in 1854, was caused 
by the distribution of ey Thames water, and that which visited 
the east of London in 1866, was produced by the distribution of 
contaminated water ofthe river Lea. ] 


2292.— Give some specific instances in which cholera-rate has ben 
reduced by the introduction of a pure water-supply. 


tate i } : Said to ve reduced by cent. per cent. 
Residency ae {N o outbreak since introduction of 
Ey derabad _ public water-supply in 1888. 


2293.—What are the general facts known in relation to the 
connection between impure water and cholera ? 


According to the late Prof. Parkes there may be summed up as 
as follows :— 

Local outbreaks, in which contamination of the drinking water 
was either proved or in which the evidence of the originand succes 
sion of cases seemed to make it certain that the cause was in the 
drinking water. In ery bee Dr. Snow and others have thus record- 
ed cases occurring in 1849 and 1854 at Horsleydown, Broad Street, 
Wandsworth, West Ham, etc. In 1865, the important outbreak at 
Newcastle-on-Tyne, being investigated showed that all the circum- 
stances pointed very strongly to the influence of the impure 
i> fies water. In 1865 occurred the remarkable and undoubted case 

water-poisoning at Theydon Bois, recorded by Mr. Radcliffe, and 
in the following year the violent outbreak in the east of London was 
supposed to be connected with the circulation of impure water by 
the East London Water Works Company. Much discussion has 
taken place as to the real influence of the impure water, which it is 
admitted on all hands was used. Mr. Rapcuirre and Dr. Farr 
collected the evidence in favour of the opinion that the sudden out- 
burst was really owing to this water ; while Dr. Lrruxzsy and some 
tohers expressed doubts on this point, chiefly on account of the 
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difficulty of reconciling with the hypothesis certain exceptional cases 
both of immunity and of attack. ‘The evidence in favour of the 
water being the cause appears extremely strong, and far greater ' 
difficulty arises if that view is not received than is caused by the 
exoeptional cases referred to, of which we may not know all the 
particulars. 

In 1849 the late Dr Snow, ininvestigating some circumscribed 
outbreaks of cholerain Horsleydown, Wandsworth, and other places. 
came to the conclusion that, in these instances, the disease arose 
from cholera evacuations finding their way into the drinking water. 
Judging trom the light of subsequent experience, 1b now seems 
extremely probable that this was the case, and to Dr. Snow must 
certainly be attributed the very great merit of discovering this 
most important fact. At first, certainly, the evidence was defective, 
but gradually fresh instances were collected, and in 1854 occurred 
the celebrated instance of the Broad Street pump in London, which 
was investigated by acommittee, whosereport, drawn up by Mr. JoHn 
Marsua 1, of University College, with great logical power, contains 
the most convincing evidence that, in that instance at any rate, the 
poison of cholera found its way into the body through drinking 
water. 

In 1855 Dr. Snow published a second edition of his book, giving 
accounts of all thecases hitherto known, and addingsome evi- 
denco also as to the introduction in this way of other specific poisons. 

In Germany cholera water-poisoning has not only been less 
noticed, but the great authority of PETTENKOFER is against its 
occurrence, At Munich, PETTENKOFER could find no evidence what- 
ever in favour of the spread by water, nor does he consider that 
any further evidence was furnished by the epidemics in Germany 
in 1873-4, Even Higscu, who was favourable tothe water theory, 
expresses himself with considerable caution; and GuUNTPER, in his 
careful work on Cholera in Saxony, asserts that no influence whut- 
ever was exerted by drinking water. Noevidencecould be obtained 
€ither in Baden or in villages near Vienna. And asin all cuses the 
observers were not only quite competent, but were fully cognizant 
of the opinions heldin England, this negative evidence is of great 
weight. Atthe same time, it cannot be allowed to outweigh the 
English cases, and, moreover, even in Germany some positive evi- 
dence has been given. 

Authorities are agreed that a well or other water-supply source 
poisoued with cholera excrement, or enteric stools, or containing 
@n excessive amount of organic filth is injurious to health. 


9294 — What is the relation between the subsotl water level and 
. the occurrence of cholera and enteric fever ? 


We find that the level of the subsoil water alters very much dur- 
ing the year. It ia supposed by Prof. PEtTENKorER that epidemic 
outbreaks of both enteric fever and cholera are coincident with 
changes in the water level of the soil, This he considers especially” 
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the case in loose or gravelly soil, and when well water is: 
which has been taken from wells sunk into such soil, which has. 
been contaminated by human excrement. According to this 
authority low water under these conditions, or a rapid rise in the 
water line after being low, or any great or sudden change in the 
water level, is sure to be followed by an epidemic of enteric fever. 
It appears that a process of development of matters excreted from 
the huviaa body is necessary, in order to secure the evil resultr 
arising from excrementitious pollution of water, and this develop- 
ment in part takes place in contact with the soil; or certain 
organic changes occur in the soil, which could only be secured by a 
change in the water level. The fluctuating water line simply acta 
mechanically in furthering the processes of nature. We are of 
Opinion that without the fluctuation in the water level, excremental 

llution appears to be inoperative in producing epidemic disease. 
Pa India, cholera produces the greatest mortality at a time coinet- 
@ent with the lowest levels of the subsoil water. A fluctuating 
water line alone, however, is not the cause of disease, as we can 
well understand; for subsoil water may fluctuate and produce the 
most healthful results by promoting an aération and purification of 
the soil. Disease.is the result of excrementa! pollution of the soil, 
favored by certain descriptions of soil and variation in the subsoil 
water level within that soil. Those who design systems of sewers 
or drains will do well to remember when water is met within the 
soi], that this water may become a destructive agent to health and 
life by reason of its contamination by leaky sewers, the evil effects 
of which may be carried to considerable distances. All subter- 
ranean water must be looked upon not as so much inert matter, but 
as always on the move ready tocarry the influences of pollution in 
the directions of its flow. It has often heen observed that on 
sloping ground disease due to excremental pollution occurs only on 
the lower side of a street, under the houses of which the under- 
ground current of water is poisoned by a leaky sewer, or other 
receptacle of faecal matter, while the houses located above the 
sources of pollution are healthy. 


2295.— May enteric fever be caused by water ? 


It may, and this is now on well recognised fact, enteric fever 
has im a vast number of outbreaks been shown to be due to 
the contamination of water by the excreta of patients suffering 
from the disease. This is so well recognised as to need no further 
insistance here. 


2296. — What is the relation of enteric fever to water pollution ? 


_ ‘There is a constantly increasing amount of evidence accumulat- 
ing in yee of the polluted water origin of enteric fever, and in all 
probablility this is the most common cause of the disease. | 
Water is ene of the most important agencies in the spread of 
enteric fever. While water polluted even with excremental filth 
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has often been drunk for years by numbers of people with perfect 
ixepunity so far as the appearance of enteric fever is concerned, the 
dlightest contamination with the excreta of a case of enteric fever 
has over and over again been found to result in widespread out» 
breaks of the disease, the incidence of which in such instances 
exactly follows the distribution of the water, and affects only those 
persons who drink it. The virulence of the water-borne poison is 
not dependent upon the organic matter in the water, but upon the 
specific pollution. Thus an outbreak of enteric fever at Redhill and 

aterham in 1879 was traced by THorne THORNE to pollution of one 
of the adits at the Caterham Waterworks by the excreta of a work; 
man suffering from a mild attack of enteric fever, the organic 
impurity of the water, as shown by aualysis, being extremely small, 
A sudden outbreak at Guildford in 1867 was found by Bucianan to 
be limited to houses supplied by certain mains, which, upon one 
occasion only, ten days before the outbreak, had contained water 
from a well into which sewers were leaking. Here the analysis 
clearly showed pollution by sewage. 


2297.— What is Sir W. JennER’s opinion with regard to the con 
taminated water origin af enteric fever ? 


The spread of typhoid fever is, if possible, less disputable than 

spread of cholera by the same means. Solitary cases, outbreaks 
confined to single houses, to small villages, and to parts of large 
towns, cases isolated, it seems from all sources of fallacy, and 
epidemics affecting the inhabitants of large though limited boan- 
daries, have all united to support by their testimony the truth of 
the opinion that the admixture of a trace of fecal matter, but ie 
cially the bowel excreta of typhoid fever, with the water supplied for 
dviiking purposes, is the most efficient cause of the spread of the 
disease. In any given locality enteric fever is limited or otherwise, 
just in proportion as the dwellers of that locality derive their sup- 
ply of drinking water from polluted sewers. 


2298.—Can you refer to any instances bearing upon this poine ? 


Yes; an outbreak is recorded at a place in which the water of 
the adjacent river was for years contaminated by ordinary sewage, 
but those using the water were not known to suffer in any way. 
A cuse of enteric fever was imported into the village with the result 
that the disease occurred in an epidemic form in those using the 
river water. 

2. Dr. THorne THORNE’s well cases in which workmen defacat- 
ing near the well caused enteric fever. The cessation of the use et 
the well water was associated with a simultaneous disappearance o 
enteric fever in the community. 


2299.— What was the late Dr. Bupn’s opinion upor thie point ? 


The late Dr. W. Bupp said, in a letter to the late Dr. Parkes,— 
“In the cases in which the poison is conveyed by water, infection 


§82 / s+ WATER: [PART 3, 


seems to bemuch more certain ; and I have reason to think that the 
‘period of incubation is materially shortened. An illustration of this 
seems to befurnished by the memorable outbreak which occurred at 
Cowbridge some years ago, and which presented this unexampled 
fact: that out of some 90 or 100 persons who went toa race ball 
at the principal inn there, more than one-third were within a short. 
time laid up with fever. In this case there was satisfactory reason 
to think that the water was contaminated, though there was no- 
chemical examination.” [ln the attack at Guildford, however, the 
éncubative period was not shortened, as Dr. BucHanan calculates it 
at 11 days; neither was it shortened in that at Caterham. } 


2300.— What was Dr. THoRNE THORNE’s opinion upon the Winterton 
outbreak ? 


4 


The epidemic prevalence of fever in Winterton is undoubtedly 
to be ascribed to the disgraceful state of the privies, cesspools, 
ashpits, and wells. With the exception of about six houses, where 
water closets have been constructed, all the cottages are provided 
with privies, which are generally built of brick, and have an aper- 
ture on the sides or back through which they can be cleaned out. 
This aperture I found open in almost all instances, and the result 
of this is that the contents of at least half the privies in the town 
run out into the gardens, soak into the earth, and'penetrate in many 
instances into the wells besides producing the most offensive 
odour. In addition tothis, many of the tenants either throw their 
refuse and slops, including urine, into the yards, outside their doors, 
or else they improvise a receptacle by digging in the ground close 
to the aperture in the privy wells. The fecal matters pour into 
it, and they thus add to their previous list of nuisances that of an 
open cesspool. In some instances ashpits have been built, but these 
are uncovered, and since urine and the bowel discharges of the 
typhoid patients are thrown into them in addition to other refuses, 
they are but little better than open privies. All the sources of 
fecal fermentation are situated as a rule, close to the house, and 
in some instances, within a few feet of the back doors, and just 
under the windows. 


The wells are also in their immediate neighbourhood and 
many of the inhabitants informed me that their water was so bad 
that they had been compelled to discontinue drinking it. In one 
instance I found the space between two pigstyes entirely occu- 
pied by a well 3 feet in diameter. Fever is present in the house 
to which the well is attached, but since the occupants do not use it, 
the necessarily contaminated condition of the water cannot be 
considered to bear upon the disease. Giving the existence of typhoid 
fever in a town, it is hardly possible to conceive of conditions 
more favourable for its spread than those existing in Winterton.* 


Ded 





, ® Local Govtvernment Reports, 1867, 
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‘.2301.— Will decomposing sewage in water produce enteric faver, 
or must the evacuations of an enteric patient pass into 
the water 7? 


This is the part of the larger question of the origin and pro- 
‘pagation of specific poisons. It is certainly remarkable, that the 
range of cases recorded by Scuxmirt, have uniformly the possibility 
of the passage of enteric stools disregarded. Evorything is attri- 
buted to fzcal matters merely. A case recorded by Dr. Downzs 
im which six cases of enteric fever resulted from the over- 
flow of non-enteric sewage into a well supports this view. On 
the other hand in the cases recorded by ALLBUTT and WHLIARB, 
contaminated water has been used for some time without producing 
enteric fever. Persons affected with enteric fever, then entering the 
place, their discharges passed into the drinking water and then an 
outbreak of enteric fever followed. An extremely strong case is 
given by BaLLakD, where very polluted water has been used for he 
by the inhabitants of the village of Nunney without causing fever, 
when a person with enteric fever came from a distance to the 
village, and the excreta from this person were dashed into the 
stream supplying the village. Between June and October 1872, no 
less than 76 cases occurred out of a population of 832 persons. All 
those attacked drank the stream water habitually or occasionally. 
All who used filtered rain water escaped except one family who used 
the water of a well only 4or 5 yards from the brook. The case seems 
quite clear first, that the water caused the disease, and secondly 
that though polluted with excrement for years no enteric fever 
appeared until an important case introduced the virus. 


Positive evidence of this kind seems conclusive, and we may 
now safely assume that the presence of enteric evacuations in the 
water is necessary Common fecal matter may produce diarrhea, 
which may perhaps be febrile, but for the production of enteric 
Sever the specific agent must be present. The opinion that the stools 
of enteric fever are the special carriers of the poison was first 
explicitly stated by Constatt and was also ably argued by W. Bupp. 


2302. — Give some particular iustances in which specific contumina- 
tion of water has produced enteric fever. 


In 1860 an outbreak of enteric fever occurred at the Convent 

of Sisters of Charity at Munich; 31 persons out of 120 were attacked 

‘between 15th September and the 14th of October with severe ill- 

ness, and 14 of these cases were true enteric; 4 died. ‘lhe cause 

was traced to wells impregnated with much organic matter (and 

among other things enteric dejections) and containing nitrates and 
lime. On the cessation of the use of this water the fever ceased. 


2. The propagation of enteric fever in Bedford would cer- 
tainly appear from Sir J Simon’s report to have beén partly 
through the medium of water. 


3, In 1862 avery sudden and severe outbreak of enteric fever 
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jn a barrack at Munich was traced to water impregnated with fsecal 
matter—on ceasing to use the water the disease disappeared. 

3. In 1866 enteric fever broke out in a girl’s school at Bishop- 
stoke near Southampton and was traced unequivocally to the burst- 
ing of a zewer pipe into the well. The water was disagreeable both 
. anne and taste. Seventeen or 18 persons were affected out of 

or 28. 

5. Several very striking instances are recorded in Sir 
J. Staton’s report by Drs. Seaton, Bucwanan and ‘l'HoRNE, and in 
some of these analysis of the water were made which showed it to 
be impure and to contain organic sewage or its derivatives. 

6. Dr. DeRenzy, the Sanitary Commissioner of the Punjab, 
has also published a remarkable paper on the extinction of enteric 
fever in Millbank prison, and showed from the statistics of m 
oo that the fever has entirely disappeared since the use of 

ames water was given up, the disappearance was coincident with 
the change in the water-supply. 

¢. A destructive outbreak took place at Caterham and Redhill 
during 1878. This was investigated by Dr. THorns THoRNE, who 
traced it to the contamination of the water-supply by the stools of a 
workman suffering from mild enteric fever, who was employed in 
the Company’s wells. ‘I'he disease was confined tothose who con- 
sumed the water and ceased after the wells were pumped out and 
cleansed. The inmates of the Lunatic Asylum aud the detachment 
of troops at Caterham barracks nsed the water from the Asylum 
well and did not suffer. 


2303.—Two questions arise in connection with this subject, what 
are they ? 


That enteric fever undoubtedlys preads by (1) water and (2) 
through the air. 


2304.— What isthe proportion of cases disseminated by air ? 
No reliatle answer can yet be given tothis question. 


2305.—Is the specific contamination of enteric fever production held 
universally ? 


No. This view is not shared by some Army Medical Officers, for 
in tropical climates it is often impossible to connect an outbreak of 
‘typhoid with the contagion of a pre-existing case. 

That water may be the medium of propagating enteric fever 
thus seems to be proved by sufficient evidence ; and it has been 
admitted by men who have paid special attention to this subject, as 
JENNER, W. Bunpp, and Simon. 

The deficiency of water leading to insufficient cleansing of 
sewers has a great effect on the spread of enteric fever and of 
choleraic diarrhoea; and cases have been known in which outbreaks 
of the latter diseare have been arrested by a heavy fall of rain. 

In several of the cases mentioned above, the proof of specifie 
pollution was incomplete, and many authorities have held that 


OHAY. XXVII.] DISEASE AND IMPURE WATER. 585 


sewepe-polluted water may acquire the property of causing enteric 
fever in those who drink it, without the access of enteric excreta. 
In country districts, where the movements and identity of every 

erson coming into the locality are easily traced, it has often been 
boand impossible to obtain evidence of specific pollution of water 
which was nevertheless instrumental in spreading enteric fever. 
On the other hand, it is clear that something beyond simple excre- 
menta! pollution is necessary to account for the sudden acquisition 
of morbific properties in a water which has long been polluted; and 
moreover, attacks of enteric fever may be so mild as to escape re- 
cognition, nor is it safe to disregard the possibility that the specific 
poison may gain access in ways as yet unsuspected. Upon the 
whole it is perhaps most reasonable to withhold judgment upon this 
point, and to affirm only that sewage-polluted water may convey 
enteric fever without the addition of the excreta of known previons 
cases of the disease. 


2306.—State some of the important facts connected with the 
hygienic relations of enteric fever. 


This endemic fever kills some five or six thousand people annu- 
ally in England and Wales out of a population of twenty-six mil- 
lions, or 0°2 per 1.000. 

The poison of typhoid indubitably exists in the bowel evacua- 
tions of those suffering from the desease, and hence is very fre- 
quently introduced into drinking-water, which, as is now well 
known, thus becomes a chief, but by no means the sole agent in 
the distribution of typhoid. 

Moreover, it is now pretty generally accepted that the germ of 
typhoid is a bacillous (Bacillus typhosus, E. Corth), or rod-shaped 

chizomycete. 

It is stated that inoculation experiments made with this bacillus 
have been successful (Renkel u. Simmonds’ ‘Die AXtiol. bed, des 
Typhus bacillus’). But long before this discovery was announced the 
connection between typhoid and water-supply had been one of the 
best established conclusions of scientific medicine ; and the discovery 
of the active bacillus of typhoid seemed from a publichealth point 
of view mercly to support the definite conclusions arrived at by 
statistical and individual inquiries into the causation of the disease. 

The proofs of this assertion lie elsewhere. In 1854 typhoid fever, 
then the scourage of Millbank Prison, which drew its water from the 
polluted Thames, was practically extinguished by the cessation of 
the old supply and the adoption of a water-supply from the deep 
artesian well in Trafalgar Square (‘ Lancet,’ 1872, 1. p. 787). 


2307 .— Does the subsoil filter out diseased germs from water pass- 
ing through tt to wells ? 6 


In all probability it does not. 


The epidemic of enteric fever at Lansenne in Switzerland where 
the specifically infected water which caused the outbreak had 
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passed underground through the earth for a distance of half a 
jaile shows that filtration which was found at the time sufficient to 
prevent the passage on finely ground flour previously mixed with 
the water was not capable of destroying or removing the specific 
disease poison. 


Rr impure water any relation to the production of yellow 
ever : . : 

Tt has, but that relation is still unknown, Bovupin quotes a 
case from Rocuarp in which a French frigate (in 1778) took in 
water at San Jago, where yellow fever prevailed. Some days after- 
wards yellow fever broke out with such violence that two-thirds of 
the crew were attacked. ‘‘ And the proof that the only cause was. 
the water,” says Rocuarp, * was that the persons living with the 
captain had with them jars filled with water froin Europe, and all 
escaped.’’ Boupin very properly observes that this evidence is very 
defective ; but yet we must remember how completely the propaga- 
tion of marsh and enteric fevers, and of cholera by water, has been 
overlooked, and how exactly this sudden and extensive attack 
resembles the case of the “ Argo.” 

The Barrack Commissioners have also directed attention to the 
fact of the great impurity of the water at Gibraltur at the time of 
the yellow fever epidemic ; a difficulty which still remains to be dealt 
with iu the event of the introduction of any epidemic disease. 

As, like dysentery, typhoid fever, and cholera, the alimentary 
mucous membrane is primarily affected in yellow fever, there is 
an priort probability that the cause is swallowed also in this case 
and that it may possibly enter with the drinking water. But no 
good evidence has been yet brought forward. 


2309. .—May diphtheria arise from drinking water ? 


Diphtheria is not usually propagated through the medium of 
drinking water, but cases favouring such a view have been recorded. 


2310.— Is there any truth in the assertion that urinary calculi may 
arise from water ? 


Urinary calculi were at one time supposed to arise from the 
use of hard water, but this’ view is now generally abandoned from 
want of any definite proof. 


2311 .— What is the relation between calculiand certain impurities 
in water ? 


It has long been a popular opinion that drinking lime waters 
gives rise to calculi (calcium phosphate and oxalate). Several medi- 
cal writers have held the same opinion, and have adduced individual 
instances of calculi (phosphatic P) being apparently cansed by hard 
waters, and cured by the use of soft and distilled water. On a large 
scale, statistical evidence is apparently wanting. The excess of cases 
of calculi in Norwich and Norfolk generally isnot, in Dr. RicHagp- 
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BON’S Opinion attributable to the water. Dr. J. Murray, of Newcastle, 
has given some evidence to show a connection between the lime 
waters and calculi, especially phosphatic, but it does not appear to 
be more convincing than that previously adduced. 

At Canton stone is common, while at Amoy, Shanghai, Ningpo, 
and other places, it isnot met with. Thecause of the difference is 
not known, but it is not calcium carbonate in the water,as the 
Chinese always drink boiled water. 


2312.— What effects may arise from excess of mineral salts ? 


Dyspepsia, diarrhcea or constipation, goitre etc., the effect 
depending upon the nature of the salt present. 

Gottre, a swelling of the thyroid gland in the neck, is often 
associated with free use of drinking water from magnesian limestone 
formations. In some parts of Yorkshire, Derbyshire (hence the name 
“ Derbyshire neck”), Hampshire, and Sussex, it still prevails, though 
much less commonly than formerly. In Switzerland cretinism, a 
congenital form of idiocy, frequently occurs in the same districts as 
goitre, and is apparently etiologically connected with similar con- 
ditions The exact origin of goitre is still uncertain. In many mag- 
nesian limestone districts itis unknown, while in some districts 
wherethis formation is absent, cases of goitre have occasionally 
occurred. The latest view is that sulphide of iron is the cause of 
goitre, and it is said that this-is always present in magnesian lime- 
Stone districts. Others hold that a miasmatic poisonin the water 
is necessary for the causation of goitre, in addition tothe metallic 
salts. Some believe that an organic poison of an unknown kind 
must be associated with the magnesian limestone to produce the dis- 
ease. ‘I'he view that the disease 1s due to iron pyrites and other 
salts of iron andcopper often found in limestone regions is grow- 
ing in favour; while others consider that the concurrent agency of 
some organic material is necessary. ‘‘Goitre appears to have been 
developed, under the use of certain drinking waters, in as few as 
eight or ten days. Urinary calculi are common in Norfolk and other 
chalk districts where the water is hard; but the dependence of the 
calculi upon the hardness of the water is farfrom being established. 
A good drinking water should not exceed 4 degrees of permanent, 
or 20 of total hardness. Itis estimated that each degree of hard- 
ness involves a waste of upwards of a pound of soap for every 1,000 
gallons used in washing.’* 

[There is howevera general belief that goitre and glandular 
swellings, as well as the prevalence of urinary calculi in certain dis- 
tricts, are associated in some way with the use of hard waters. Not- 
withstanding the fact that goitre appears to be due, in many in- 
stances to the water used for drinking, the impurities in the water 
which favour hypertrophy of the thyroid gland in some districts, are 
not those found in the water of other goitrous districts. ] 
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3313.—Doss the magnesian limestone theory hold good in all 
regions where goitre ts prevalent ? 


No: for in many places analyses of the water gave complete 
absence of magnesia, such as Aheims, Auvergne, Bertrand, etc. 


2314.—Is the lime theory always true ? 
It is not; in some cases no lime has been found in the water. 


2315.— What are the circumstances connected with the occurrence 
of gottre in certain parts of India ? 
In certain parts of Oudh, such as Ghurwal, Kamaon, etc., about 
33 per cont. of the inhabitants are said to suffer from goitre ; yet in 
the water-bearing stratum consisting of clay-slate, only 54 per cent. 
of the population are affected, and with granite only 2 per cent. 
Here the chief mineral impurities are lime and magnesium limestone. 
We have seen the inmates of one girls’ school ina Himalayan station 
become affected with goitre, while those of other schools not re- 
motely situated from it, were free from this disease. The only appa- 
rent difference was the existence of magnesium limestone in the 
water consumed by the former, and the absence of this mineral in 
the latter. In these two the Author had the waters analysed by 
Professor Murray Fuompson of the Roorkee Engineering College.* 


2316.—Are goitre and cretinism related ? 


They are said to be related both pathologically and etiologically. 
This rule is certain that whenever from jj to } of the population 
suffers from goitre there cretinism is found. Itaffects lower animals 
as dogs and cats in areas where men suffer. 

Goitre sometimes may be rapidly produced. Batty noticed that 
certain waters in Switzerland would cause it even in eight or ten 
days, and cases almost as rapid have occurred in other places. 


‘2317.—What diseases are brought about by the constani use of 
hard water / 

Goitre or bronchocele, cretinism, stone in the urinary passages, 
dyspepsia, and diarrhoea alternating with constipation. he 
continual consumption of such water is said to produce an irritable 
condition of the aluminating tract. It may also,itis said, produce 
intestinal concretions. 

2318.— What effecis is ahard water said to have on bones ? 


It is said to produce excessive oxidation of the bones at the 
base of the skull. 


2319.—Hnumerate the animal parasites which have been alleged to 
hawe been found in drinking water. 


1. Tenia lata (Bothriocephalus latus), or of both this and the 
tenia solium and embryo of former. 


* AvTnon’s Hygiene of Water and Water Supplies. 
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Distoma hepaticum (fluke)—the eggs being developed in 
water. 

Ascaris lumbricoides (round worm). 

Filaria dracunculus (guinea-worm). 

Filaria sanguinis hominis. 

Oxyuris vermicularis.. 

Dochmius duodenalis (Strongylus duodenalis, Sclerostoma 
duodenale, Anchylostomum duodenale). 

Bilharzia hoematobia. 

Sanguisuga medicinalis (the speckled leech), S. officinalis 
(the green leech), and other species of leech. 


00 NEAgw 


2320.—How dove the Filaria sanguinis hominis affect the human 
being through water ? 


The embryo is taken into mosquito’s stomach with blood of 
persons infected with this parasite ; it begins developing and is 
then transferred to water and so back to man. 


2321.— How may leeches prove serious parasite forms ? 


By attaching themselves to the throat and larynx and pro- 
ducing bleeding und emaciation. 


2322.— How dves the guinea-worm, or Filuria dracunculus gain 
entrance ? 


It is said to penetrate into the subcutaneous cellular tissue of 
the legs of bathers. Against such a view however there is accu- 
mulating evidence. The writer feels positive that invasion through 
the skin is most exceptional und that the main cause is the drink- 
ing of water containing the ova of this ‘ worm.’ 

The introduction by water of filaria has long been a favourite 
opinion. It has been a matter of debate whether it is taker. into 
stomach as drink, and thence finds its way (like Trichnia, spiralis to 
the muscles) into the subcutaneous cellular tissue, or whether it 

enetrates the skin during hathing or wading in streams. The 
tter opinion seems to be the more probable in the majority of 
CASES. 


_2323.— How does the Filaria sanguinis hominis find us way into 
the blood af man ? 


In a peculiar manner. J)r. Manson has found that the mosquito 
18 an active agentin the propagation of filaria. The embryos are 
taken into the mosquitos stomach with the blood of persons infected 
by the hsmatozoon, the further development of which shortly 
begins in the stomach of the mosquito. Thence they are transferred 
to the water, whence it is assumed that it again finds entrance into 
the body of man. 


6 
2324.— Enumerate the parasites, the ova or embryos of which are 
found tn water and may be consumed by man. 


The embryos or eggs of the following parasites have been found 
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in water, and may be taken into the stomach of man, when such 
water is used for drinking. They are :—Tenia solium, Bothrioce- 
phalus ‘latus, Ascaris lumbricoides (round worms) Oxyutris 
vermicularis (thread worms), Filaria sanguinis hominis, the 
embryos of which are sucked from the blood by mosquitos, and then 
transferred to water, Bilharzia hamatobia (?) and Distoma hepati- 
cum (liver fluke of sheep). 


2325.— Does the Ascaris lumbricoides (round worm) gain access to 
the alimentary canal through water ? 


It appears that they may sometimes enter the body through 
drinking water. At Moulmein, in Burmah, during the wet season, 
and especially at the commencement, both Natives and Europeans, 
both sexes and all ages, were forty years ago, so affected by 
lumbrici that it was almost an epidemic. The only circumstance 
common to all classes was that the drinking water, drawn chiefly 
from shallow wells, was greatly contaminated by the substances 
washed in iy the floods of the excessive monsoon which prevails 
there. Dr. Paterson has also noticed similar facts in England. 
[The oxyuris vermicularis is also sometimes taken in through 
water ]. 


2326.—How does the Ascarides lumbricoides gain access to water 7 


LeuckarT has no doubt of the passage of the ascarides’ eggs into 
drinking water; and, indeed, they have been actually seen in the 
water by Moster. Butit seems yet doubtful (as all experiments 
have failed in producing from the drinking water the worms in 
animals) whether the eggs alone will suffice, and it seems 
possible that they must pass through some other host before de- 
veloping in the human intestine. This is also the opinion of 
CoBBoLD. MostxERr attributed in his case much influence to the large 
amount of vegetable food taken by the persons affected. 


2327.—Which of the tape-worms may reach the body through 
drinking water : 


Both embryo and eggs (but principally, or perhaps entirely, the 
former) exist in the river water. The ciliated embryo moves for 
several days very actively in water; it may after a time lose its 
ciliary covering, and then, not being able to move further, perishes 
or it may find its way mto the body of some animal, and there de- 
velop into the Bothriocephalus latus. 


2328.— The embryos of the Bilharzia hwmatobia are said to live in 
water, what facts are on record for and against this view f 


From the observations of Grizsinerr, JoHN HaRLEy, and 
Cozsnoip, there seems no doubt that the embryos of this entozoon 
live in water, and the animal may’ be thus introduced probably b 
the medium of some otheranimal. Dr. Baruo doubts, however, this 
introduction by water, since the entozoon occurred in persons 
using rain water and pure mountain stream water. 
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2829.— How: does the Distoma develop ? 


’The eggs of the Distoma hepaticum (Fasciola hepatica) are 
developed in water, and the embryos swim about and live, so that in- 
troduction in this way for sheep is probable, and for men is possible. 


2330.— Are auy of the specific diseases due to drinking infected 
water ? Ss 


A few are certainly due to this cause. That some of the specific 
diseases are disseminated by drinking water is a fact which has only 
attracted its due share of attention of late years. It is certainly one 
of the most important steps in etiology which has been made in this 
pao and the chief merit of its discovery is due to the late Dr. 
Snow. 


2331.— What are the dangers that are associated with the presence 
of leeches, especially of small leeches, in water? 


The swallowing of small leeches, which may fix on the pharynx, 
and in the posterior nares is a serious matter. CLEGHORN noticed 
that coughs, nausea, and spitting of blood were thus caused. Ina 
march of the French near Oran, in Algiers, more than 400 men were 
at one time in hospital from this cause. In some cases the repeated 
bleedings from the larynx have simulated hemoptysis and phthisis, 
and have produced angwmia. A leech, once fixed, seldom falls off 
spontaneously. In India no accidents of this kind are on record, yet 
we must assume that they do occasionally occur. 


CHAPTER XXVIII. 


SELF-PURIFICATION OF RUNNING WATER. - 


2332.— What conclusion did the Rivers Pollution Commissioners 
come to in regard to the self-purifying power of water ? 


The Rivers Pollution Commission state, on the experiments 
made by them witha view to the solution of this question, that “it 
will be safe to infer, that there is no river in the United Kingdom 
Jong enough to effect the destruction of sewage by oxidation.” 


2333.—Has runwing water such as that of streams the power of 
self-purification 7 
Many authorities hold that running water has an intrinsic power 
of purification, that the oxygen of the air dissolved in the water is 
sufficient to oxidise and render harmless all the organic matters con- 
tained. Were the impurities limited, doubtless this would hold 
ood, but on the banks of all large rivers, towns are situated one 
elow the other, so that there is scarcely time fofone source of con- 
tamination to be rendered innocuous, before others are added. Upon 
this point an interesting experiment was carried out (if we remem- 
ber rightly by Dr. P. Frawxnianp) to show the fallacy of such a 
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view. Distilled water, to which a varying quantity of sewage 
was added, was caused to circulate automatically in a specially 
constructed small circular metal drain. After it had tra- 
versed the drain a number of times representing a distance greater 
than that of any river in England, he found the water to be stil! 
impure. 

The same erroneous notion with regard to the self-purifying 
power of the water of rivers prevails with regard to all large bodies 
of water, such as those of tanks, lakes, and large reservoirs. We 
would here state that no ordinary source of water-supply has such 
aaa Loe ae g power inherent in it, 

hen once a river or stream is contaminated by human ex- 
crement, it is almost impossible to state when its water becomes 
once more pure and fit todrink. 

Although river water is seldom even approximately pure, it 
may usually be safely imbibed when the experience of those who 
have used it for 2 long time has proved its general wholesomeness. 
But absolute reliance should not be placed on this good reputation, 
for under special circumstances river water may become dangerously 
contaminated. In some instances, and at particular seasons, this is 
specially the case with large rivers. The smaller the stream, the 
more jealously should it be watched, and the more carefully should 
it be protected from contamination. 

Drying up rivers and streams occasionally become the means of 
the propagation of disease from their having been infected ata 
higher level. 

The decomposing vegetable matter washed into rivers by the 
rains 1s a frequent source of ‘malarial’ diseases. 


2334.— What is FRANKLAND'S opinion with regurd to the self-puri- 
° ficatton of river water in England ? 


That there is no riverin the United Kingdom long enough to 
secure the complete oxidation of the soluble animal matter present 
in polluted water if that pollution be from sewage matter. 


2835.—How is sewage purified in rivers ? 


(1) The oxygen dissolved in the water oxidises the organic matter, 
the free colouring matter of aquatic plants gives out oxygen in the 
nascent state which helps to do the same, the solid and suspended 
organic matter is consumed by fishes and other aquatic animals, the 
organic matter readily subsides and lastly the large volume of water 
compared with the small volumeof sewage helps to oxidise the 
organic matter. 


2336.—Should sewage be allowed to enter rivera ? 


No, not in its crude state or before it has: been subjected ta 
some form of purification, such as downward intermittent: filtration, 
irvigation, or treated by some chemical process which yields.an 
effluent which has a certain standard of purity. ak 8 


- 


f 
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Tt has been shown experimentally that there is no river in 


England long enough to complete the oxidation of sewage matter 
before it reaches the sea. 


3337 .—What are the natural forces in operution in rivers to help 
towards the purification of the water if contaminated by 
sewuge ? 

(a). Dilution. 
(b). Subsidence of solid contents. 


(c). The action of oxygen dissolved in the water. 
(d). Fishes. 


(e). Plants. 


2338.— What are the chief causes of the pollution of rivers ? 


. By the sewage and dirty waters from towns and of trade refuse 
mixing’ with the river waters. 


2339.—How does the refuse liquide from manufactories affect rivers ? 
Give an instance. 


Waste liquids from different manufacturing operations meet 
and cause the formation of new, and in many cases, inso- 
luble compounds. Suppose, for instance, that we have a wire-work- 
ing establishment or any other iron-works, and that for any purpose, 
the iron is cleaned by sulphuric acid, and, asis often the case, the 
copper, or sulphate of iron, is allowed wholly or in part to go to 
waste. Suppose also there is a tannery below, the spent liquids from 
which run into the same stream, the result may be that the stream 
is converted into ink by the chemical action which takes place between 
the two waste liquids ; the ink may be very dilute, tobe sure, but 
the water might be too black to deink or to use for any domestic 
purpose. 

In such a case, no doubt, the chief cause of the clearing of the 
water is the deposition of the coloured particles which make up the 
ink. Every one knows that some varieties of ink become blacker ou 
exposure to air. The ink formed by mixing copper and tannery 
waste would change by the action of the oxygen ot the air, but there 
would be noconsiderable destruction of organic matter; the improve- 
ment in appearance would be due to subsidence. 


-2340.—1'0 what eatent does Subsidence tend to depwrate running 
water £ 


Much waste material thrown into rivers ix made up wholly or 
in part of substances insoluble in water. A portion, and avery cou 
siderable portion, even in a running stream, is deposited upon the 
bottom or stranded upon the banks. ‘This deposition can often be 
very plainly observed in the immediate neighbourhood of the points 

discharge. Other chemical changes, besides’ that of oxidation 


alluded to above, take place, especially where the refuse is that from 


manufactories. 
38 
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2341.--Whsi other provesacs besides subsidence help in the purifi- 
cation of rumning water ? a 


Although it is not practicable, in the case of arunning stream, to 
ue the progress of the destruction of the organic material by 
Kidtwtion, yeb there is no doubt that an appreciable amount is so 
destroyed. Moreover, a considerable amount of the organic matter 
is'‘e#@nsumed by fishes and by the microscopic animals which inhabit 
the water, or is converted into simpler compounds through the 
agency of plants of higher or lower order. 






* 


2342.— How may the self-purification of ruwning water be investi- 
gated | 


The alleged self-purification of running streams may be investi- 
gated by laboratory experiment and by observation actually on rivers. 
y passing water in a small stream from vessel to vessel, the Rivers 
Commission in England have shown that, not only is a flow of 
twelve miles insufficient to destroy the organic matter of sewage 
when mixed with water in the above proportion of one to twenty, 
‘ya flow of one hundred and sixty miles is far from sufficing 
_.- -.. i purpose. We know very well that when an organic mix- 
ttive like dilute sewage is exposed to the air, decomposition—chemi- 
cal change—soon sets in, an aed er the substances are altered in 
character. It would, however, probably take an almost infinite time 
in a dilute solution for the oxidation to proceed far enough for all 
the nitrogen and carbon, which are the characteristics of the organic 
matter, to escape as carbonic acid, free nitrogen or ammonia, or to 
rémain as inorganic compounds, 7.¢., as nitrates and carbonates. 


It would appear from what precedes, that there is a liability of 
over-rating the amount of spontaneous purification to which a run- 
ing stream is subject, aud it is certain that we cannot decide with 
confidence as to when a stream, once polluted, becomes fit to drink; 
moreover, a8 it is not possible by any practicable chemical treat- 
ment or by any process of filtration to makea polluted water whole- 
same, it is safer not to use as a source of domestic supply a water 
which is known to have been seriously polluted. 


2343.—Discuss the subject of self-purification of water. 


(1). Vide answer to last question. 

(2). Some organic substances are readily decomposed in 
water. Thus, urea decomposes so rapidly into carbonate of am- 
-monia, that is is rarely found in the most polluted waters. On the 
other hand, bits of muscular fibre, or of epithelium, will remain for 
manthe in weter and still be readily recognized under the mticro- 
score. Even auhatences whiph decompose with rapidity whpn in a 

sémedntrated : ded age toldratly permanent when diteted. - 
. The. Rivers Pollution Commission mixed some \ urine 

"\ water, in the proportion of one gation of urine te f ~~" ™ 
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ial) of water. The mixture was agitated from time to time. 
ior pee taken for analysis. The results, expressed in parts in 
100,000, were as foHows:— 


Immediately after mixture Feb. 17, 1874... ae 1, 0243 





99 18, ” ee 298 eas 0 abt! 

” 19, 99 ... 0244. mares re ; 

» 24, 4, ves 0225... ORS, 

“9 25, rr) vee 0214 see 0280 
28, 9 . 0-214 : 


2344.— Can the experiments of the chemical laboratory show all the 
changes that go on in the process of purification of 
running water ? 


in spite of various experiments (like the one just described], it 
cannot be denied that some chemical change does take place in a 
polluted stream, and the question arises, whether the readily decom- 
posed substances are the ones which cause the injurious effects 
ascribed to impure waters,,or whether the products of their decom- 
position or the more permanent of the polluting substances may be 
equally injurious. Then, ifthe germ theory is correct, and if wh 
we know of the permanence of other germs whose growth is tracéatle 
can serve for anslagy, we should infer that these germs might well 
resist the action of the sir or of the oxygen disaalved in the water. 


2345.— What is the standard of purity to be maintained in the 
efiuents into river water as laid dawn by the Rivers 
Pollattion Commission ? 

All watera— 

1. Possessing an acidity greater than that produced by the 
addition of 0°2 grammes of pure strong hydrochloric acid to a 
litre of distilled water. 

2. Showing an alkalinity greater than that produced by the 
solution of 0*1 gramme of dry caustic soda (sodium hydroxide) 
in a litre of distilled water. 

3. Containing, after acidification with sulphuric acid, ‘more 
than 0°1 part by weight of pure chlorine to 100,000 parts. 

4. Containing in solution more than 02 part by weight per 
100,000 parts of any metal exccpt lime, magnesia, potassiam or 
sodium. 

5. Containing more than 01 part by weight per 100,000 of 
sulphur in the condition either of sulphuretted hydrogen of a soluble 
seiphuret. : 

6. QOontaining in solution or suspension, in chemical combine- 
tion or in any other form, more than 0-005 part by weight ‘of 
metallic arseme per 100,000 parts. iad 

7 Containing in suspension more thas 03 part-by weight of 
an parca matter or 0°] part ‘by weight of dry organic matter per 

pavts. Te os ea : 
«+, & Qomtaming in solhrtion more than (2 part by weight of 
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hye carbon, or 0°03 part by weight of organic nitrogen per 
100,000 8 


parts. ; 
"9. Which shall exhibit by daylight a distinct colour when & 
stratum of it, one inch deep, is placed ina white porcelain or 
earthenware vessel. 


2346.—Are some lakes and streams very pure as to organic 
carbon ? 


Yes; there are many lakes and streams which supply water 
containing not much more than 0°15 part of organic carbon in 
100,000 parts. Asa rule, however, the quantity is much more con- 
siderable, and sometime; the water is yee and unpalatable from 
excess of peaty matter. 


2347 .—Ln what manner is the sewage entering a river got rid of ? 


In three ways :—1st, by subsidence, the organic matter settling 
to the bottom. 2nd, by the influence of water plants, which assimi- 
late ammonia, nitrates, etc., and give out nascent oxygen. 8rd, by 
oxidation, doubtless a large amount of the nitrogenous matter does 
become oxidised in its course down a river, and in this condition is 
harmless. It is doubtful, however, whether the living and active 
germs of disease lécome so oxidised. 

In one case, the contagion of cholera was carried 15 to 20 miles, 
by the river Don, from Sheffield to Doncaster. But if this is possible, 
it is strange that in London typhoid fever is not constantly epi- 
demic inasmuch as it is chiefly supplicd with water (filtered sewage 
water we may call it) which has received the sewage from 800,000 
people, who live in the towns and villages along the course of the 

hames above the companies’ intake ; there can be no doubt that 
typhoid fever is always more or less prevalent in these parts of the 
‘Thames Mae 

Messrs. OpiinG and Tipy support the view that the supply of 
river water to towns, even below the points where large populations 
have thrown in their sewage. 18 justifiable and safe after thorough 
filtration. 

Messrs. FraANKLAND and VOELKER oppose this view; and Dr. 
FRANKSAND concludes, from numerous experiments, that no river in 
the United Kingdom is long enough to effect the destruction of 
sewage by oxidation, while Dr. A. Hint says that probably living 
matters do not get oxidised by flowing down a river, any more 
than a fish does in a similar course. 

Judging by several Parliamentary decisions, the general 
concensus of opinion is against a river supply below a point at 
which any sewage has been received. 

Tn the case of the Durham, Cheltenham and Stockton Water 
Bills, this point has been raised and decided in the House of Lords 
in every instance against the river supply. 

We have no evidence as to the destruction of the poisons of 
diseases in running waters, butwe have reason to believe that, 
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oven if they are not destroyed, they at any rate do not increase or 
multiply to any extent in polluted waters undergoing self-purifica- 
tion. If it were not so, London, which is so largely supplied with 
a filtered, but nevertheless polluted water from the Thames, would 
not exhibit so low a death-rate;. for we can hardly suppose that 
filtration through sand or gravel can always effectually remove 
or destroy the countless disease germs which would be otherwise 
present in the water. 


2348.— What are the objections to the use of river water ? 


(1) Pollution from sewage, refuse from manufactories and other 
contaminating agencies; (2) turbidity due chiefly to clay, at certain 
seasons, especially during freshéts; (3) high temperature in summer 
in certain countries ‘not however in England); and (4) its being 
coloured if peaty. 

(N.B.—The objection to the same river being a carrier of waste 
and a source of supply is obvious. | 


2349.— Name some trades in which the amount of organic matter 
reaching a river in the refuse liquid is beyond the legal 


limit. 
In paper-making refuxe contains 76°80 parts organic matter per 
100,000. 
» woollen-making  ., 5 14.30 e ‘3 s 
» blanket-making ., i 19°50 55 ‘9 ” 
» flannel-making _,, = 91°18 is ‘ ‘ 


2350.— What ts the great difficulty in purifyng the refuse fluids in 
these trades ¢ 
The highly deleterious nature of the polluting agents contained 
in the fluids. 
2351.—How may velocity of the flow of u stream be expressed ? 
The velocity of flow of liquids is given by the ordinary formula 
of gravity .— ‘ 
V = 2gh, or V = Bh: 
in which V is the velocity in feet per second ; gis the velocity 
uequired by a body in falling freely from a state of rest, at he end 
of one second, being 32'2 feet per second; and h is the height in feet 
through which the body falls. That is to say, the velocity acquired 
in falling through a given height, is equal to 8 times the square 
root of the height in feet through which it falls ; the product being 
the velocity expressed in feet per second. 


2352.— What standard of effluent for streams dyl the R. P. C. lay 
down ? 
They stated that any liquid having the {ullowing elements in 


10,000 gallons is unfit to enter a stream— ; 
1, Containing in suspension more than 3 parts by weight of 
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dry mineral matter, or 1 part by weight of dry organic matter per 
100,000 parts. 

2. Containing in solution more than two parts by weight of 

organic carbon, or 0°3 part by weight of organic nitrogen per 100,000 

rts. 
es 3. Which shall exhibit by daylight a distinct colour when a 
stratum of it 1 inch deep is placed in a white porcelain or earthen- 
ware vessel. 

4, Containing in solution more than 2 parts by weight of any 
metal, except calcium, magnesium. potassium and sodium per 100,000 
parts. 

5. Containing, whether in solution or swapenston, in chemical 
combination or otherwise, more than 0°05 part of metallic arsenic 
per 100,000 parts. 

6, Containing, after acidification with sulphuric acid, more 
than 1 part by weight of pure chlorine in 100,000 parts. 

7. Containing more than 1 part by weight of sulphur in the 
condition either of sulphuretted hydrogen or of a soluble sulphuret 
in 100,000 parts. 

8. Possessing an acidity greater than that which is produced 
by adding 2 parts by weight of real muriatic aicd to 1,000 parts of 
distilled water. 

9. Possessing an alkalinity greater than that produced by 
adding 1 part by weight of dry caustic soda to 1.000 parts by weight 
of distilled water. 


2353.—Why does the running water of a river usually contain 
much less mineral matter than spring water ” 


The surface water of a river rapidly gives off its carbonic acid 
gas. whereby certain mineral constituents. especially those of lime 
which that gas held in solution, are precipitated. 

Spring water contains much carbonic acid and but little oxygen. 
the former gas giving to such water its fresh, brisk taste. Vege- 
table organisation flourishes in it, but animal bodies which require 
abundance of oxygen, are but sparingly represented in spring water. 

Certain spring waters contain finely divided particles of silica 
and mea scales; especially is this so in certain spriugs in the 
Himalayas, and it is to these constituents that “ hill diarrhoea ” has 
been attributed by some authorities. 
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